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CHAPTEB I. 
The AliROPLANE. 

During this first decade of the twen- 
tieth century another great stride in 
mechanical science has been taken. 
Machines have been constructed which 
will carry r. man through the air, both 
lifting and propulsion being performed 
bv self-contained mechanism. 

For very many years this achievement 
had been expected. The experiments of 
Sir Hiram Maxim and Professor Langley 
had shown the result to be possible, but 
it was left for Messrs. Wright, Santos- 
Dumont and Henry Farman* to dem- 
onstrate the practical fact on a large 
scale. 

There are three types of machine for 

* Bleriot, Eenaiilt-Pelterie, Ferber, Vaija, Gastamblde- 
Mangin, Ro« 
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performing mechanical flight, each de- 
pending on a different principle : 

(1) The gyroplane, or helicoptere, 
which uses vertical lifting-screws. 

(2) The aviplane, or ornithoptere, 
which has flapping wings like a bird. 

(3) The aeroplane, kite, or glider, 
which is a surface pulled or pushed 
through the air. 

. Although the first two types are very 
promising, yet it is the last which has 
done definite work, and it is with this 
variety I propose principally to deal. 

It will be noticed that the title "kite'' 
i<5 also applied to this type, and, as a 
matter of feet, in its esse: tial principles 
the aeroplane is merely a large variety 
of kite. 

It therefore behooves to study briefly 
the action of the ordinary kite and then 
consider in what manner the kite may 
be modified to act as a flying-machine. 

Taking the very simplest tvpe of kite 



as shown in sketch, we notice three fea- 
tures : 

TWI8TIN0 EFFECT 
^ BALANCED BY TAIL 




Fig. 1. KITE 

(1) A more or less rigid surface. 

(2) A cord tying this surfcce to the 
earth. 

(3) A continuous motion of air 
against the surface. 

It follows from the simplest mechani- 
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cal principles that there are three 
forces in this case, the wind pressure on 
kite, the pull in the cord, and the 
weight of the kite. These three are in 
equilibrium if the kite is stationary. If 
the kite ascends then the vertical com- 
ponent of the wind pressure exceeds the 
weight and downward component of the 
cord pull. This is termed "lift" If 
the kite travels with the wind the com- 
ponent of the wind in the direction of 
the cord exceeds the puH in the cord. 
This is called "drift" or "waftage." 

Since the air is almost frictionless the 
pressure of the kite is practically nor- 
mal to its surface, and this surface, if 
there is any lifting force, must be in- 
clined to the horizontal, and if the wind 
is horizontal tlie surface must therefore 
be inclined to the direction of motion 
of the wind. Actually the wind (espe- 
cially near the ground) is slightly 
inclined upward. 

Another feature we notice in the com- 
mon form of kite is the weighted tail. 
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Owing to irregular distribution of the 
wind pressure a tailless kite tends to 
spin on the cord ; and since the centre of 
pressure on an inclined surface is usually 
eccentrically placed (see kter chapters), 
such a kite loses balance, is overturned 
by the wind, and plunges to the ground. 
Having travelled so far, we can now 
enumerate the principal points to be 
considered : 

(1) The weight of the kite. 

(2) The pressure produced by air 
moving against a surface generally in- 
clined to the horizon. 

(3) The distribution of the pressure 
on that surface. 

(4) The pull available on the cord. 

(5) The provision of a righting 
moment to prevent overturning. 

All these we will shortly treat in de- 
tail, merely premising that on a correict 
understanding of the value of each de- 
pends the whole problem of aerial navi- 
gation. 
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If we substitute for the cord a screw 
propeller, or a "tractor^* (pulling 
screw), we have an "aeroplane." By cut- 
ting our connection with the ground, how- 
ever, we have made an enormous difference 
in one of the conditions and it behooves 
us to go very warily. The pressure of 
the air depends on the square of the 
velocity with which the air strikes the 
surface, i.e., the relative velocity, and it 
is necessary to realize at the outset that 
it is this relative velocity which has to 
be considered and not the velocity as 
measured on the ground. This problem 
is further complicated by the fact that 
ihe velocities we wish to obtain are neces- 
sarily measured on the ground. To give 
a definite example, let us suppose there 
is a wind travelling south with a velocity 
of 30 miles per hour. If we wish to 
travel north with a velocity of 20 miles 
per hour, we have to obtain a relative 
velocity of 30 + 20, i.e., 50 miles per 
hour. That is, the machine will be 
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carried with the air at a speed of 30 
miles per hour in a S. direction and 
must proceed in X. direction as if in still 
air with a speed of 50 miles per hour. 

Again, if we wish to travel S. in the 
same wind with a velocity of 30 miles 
per hour, our relative velocity will be 
zero and so no lifting force will be 
available. We shall, in other words, 
simply be carried by the wind, and under 
such circumstances the only pressure on 
the aeroplane will be due to local varia- 
tions in the velocity, and a heavy 
machine would probably quickly descend, 
its downward speed being only checked 
by the resistance caused by the gravi- 
tationally acquired velocity. In such a 
case we should endeavor to get a further 
velocity to providing lifting pressure of 
say 25 miles an hour. Our actual veloc- 
ity (w compared with the earth would 
then be 30 + 25 = 55 miles per hour, 
but as compared with the air it would 
only be 25 miles per hour. 
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This point should be very carefully 
considered, since with the wind enormous 
velocities, as compared with the earth, 
might be obtained; but contrary the 
wind there can be no advance as com- 
pared with the earth unless the speed of 
the vessel compared with the air exceed 
that of the wind compared with the 
earth. In fact, under such circum- 
stances it is quite feasible to be lifted 
and at the same time drift with the wind 
but at a lesser velocity. 

The wind velocity varies from a very 
small quantity (it is rarely zero) up to 
more than 100 miles per hour. 

The key idea is, of course, this : 

Lifting pressure can only be obtained 
from velocity relatively to the air, and 
the actual motion over the earth can 
only be obtained when the velocity of 
the wind is combined with the velocity 
of the plane as compared with the air. 

Another peculiarity in connection 
with relative motion occurs in the pro- 
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peller. It will be remembered that this 
mechanism, being a variety of screw, 
will either move through a nut or the 
nut will move from the screw. The 
air being a nut of rather less solid char- 
acter than those used for fixing purposes 
causes the actual action of a propeller to 
' vary considerably from this simple 

I motion of nut or screw. Thus a ven- 

tilating fan does not propel all the air 
which passes through, and a propeller 
does not screw through the air without 
moving it at all. If we multiply 
together the "pitch" and "revolutions" 
(Fee later) we get the rpeed at which 
the propeller should screw its way into 
the air (pushing or pulling with it the 
aeroplane). Generally, however, the 
speed at which the plane travels is less 
than this propeller velocity. (By speed 
of the plane we, of course, mean as com- 
pared with the air.) The air will then 
slip through the screw and be wasted 
for propulsive purposes. Further prac- 
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tical difficulties occur in the churning 
of the air by the screw and also the 
inefficiency of the central parts of the 
screw. 

The next problem, which until quite 
recently presented insuperable difficul- 
ties, is that of weight. The plane has 
to carry in addition to its own weight 
that of the prime mover and the pro- 
peller, together with other small items, 
such as aeronauts. Sinto the thrust 
from an air propeller is usually small 
as compared with the power required to 
drive the propeller, and since, further, 
this thrust acting on the aeroplane has 
to indirectly produce the whole of the 
lifting pressure, the weight has to be 
very small as compared with the power. 
Sir Hiram Maxim's steam-engine, 
weighing 2 lbs. per H.P., and certain 
petrol motors, weighing from 5 to 10 
lbs. per H.P., have brought us within 
the limit of weight, but in all other 
respects as well we have to make the 
weight a minimum. 
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The final difficully, the importance of 
which has long been underestimated^ is 
that of balancing, i.e., preserving a level 
course. We have already seen that there 
are some difficulties with this in the 
case of the kite, and when we have an 
aeroplane moving through air of con- 
stantly varying velocity, the machine 
possessing considerable momentum and 
wind surface, these difficulties are 
greatly increased. Later on we shall 
consider in what manner righting forces 
can be obtained, but in any case the 
engineer who designs an aeroplane 
cannot give too much attention to this 
question of balancing. 

A general survey has now been made 
of the more crucial problems which 
the inventor has to consider, and in the 
following chapters these will be con- 
sidered in detail. Too much stress 
should not be laid on mathematical cal- 
culations, since the bulk of our knowl- 
edge of this subject is empirical rather 
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than analytical. Nevertheless certain 
calculations can and must be made^ more 
particularly in regard to the angle, area, 
and weight of the plane, and with these 
I will next deal. 
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CHAPTER II. 

AiB Pressure. 

In all cases of flying apparatus the 
actual lifting effect is derived from the 
pressure produced on a surface by the 
relative motion of air, and it is therefore 
necessary to have exact notions of the 
pressures produced on planes of different 
areas and shapes, and with different 
relative velocities. 

If we consider that the whole of the 
momentum lost per second is the force 
exerted, we get the following value (for 
ordinary temperature and barometric 
pressure) for pressure on a plane at 
right angles to the direction of motion; 

Pressure (lbs. per sq. foot) = .0023 
X area of plane (in sq. feet) 
X square of velocity (ft. per sec.). 

It is a common practice to subtract 
from this 50 per cent, for the kinetic 



18 



energy given to the air in the direction 
of motion, so that the constant then 
becomes .0011. As a matter of fact 
practical experiment shows that a con- 
stant .0017 is more correct, there being 
an additional pressure due to suction 
on the back of the plane. 

This feature of "suction" or "nega- 
tive pressure" on the back of the plane 
has long been recognized, and is due to 
the eddying of the air which has been 
separated by the passage of the plane, 
and also to the fact that the space swept 
out by the plane takes a small but 
appreciable time to fill, so that the pres- 
sure is less than atmospheric. 

Furthermore, there is friction, so 
that we may say 

Pressure on plane = windward pres- 
sure + leeward negrtive pressure 
-|- friction. 

(Some experimenters neglect the lat- 
ter, but it is occasionally very import- 
ant.) 
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At the outset we must realize that 
each and every part of a machine which 
is moving with a velocity relative to the 
air will experience this resistance. The 
actual magnitude is in general abso- 
lutely dependent on the area exposed in 
the direction of motion. If the surfaces 
be normal to this direction, then the 
value will be that given. If inclined, 
the resistance in the direction of motion 
will be less. If outwardly curved (i.e., 
convex) or pointed it will be less still. 

It is, however, with inclined surfaces 
that we are principally interested, and it 
should first be noticed that in all cases 
the pressure is perpendicular to the 
exposed surface, so that a surface in- 
clined forward and upward is subject 
to a backward and upward pressure. 

As stated in the last chapter, the up- 
ward component is called 'lift'* and the 
backward "drift" or "resistance.'* 
Boughly the normal pressure varies as 
the sine of the angle between the plane 
and the direction of the impinging air- 
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Btream. More exactly for square planes 
it varies as 

2 sin^ 
1 + 8in« ^ 

[Duchemin and Langley.] 

or for long, narrow planes with narrow 
width in direction of motion it varies as 

(4 + w) sin 6 
4 + IT sin ^ 

[Lord Rayleigh and Gerlach.] 

For general purposes, however, we use 
simply the sine law, so that 

Normal Pressure = .0017 X area X ve- 

locity2 X sine 6 X 2.5. 
Drift=.0017XareaX velocity* X sine* 6 

X 2.5. 
Lift=.0017 X area X velocity* X cos^, 

sin e X 2.5. 
[For small angles sin 0, cos 6 = sin 0.] 

In all practical cases, however, the 
rules are not to be quite so simply ex- 
pressed, but the following will serve 
generally : 



21 



Net lifting force (i.e., producing up- 
ward velocity) = weight of aero- 
plane and its load — [.0017 X area 
of plane X (velocity)^ X sin ^ X 
cos ^ X 2.5.] 

If the weight is just supported, then 
of course this net lifting force is zero. 
The plane is then said to soar, and the 
velocity which corresponds to this con- 
dition is termed the "soaring*^ or "criti- 
cal*' velocity. 

It can be found easily as follows: 

Soaring velocity (feet per sec.) = 

weight (lbs.) 

.0017 X area (ft.) X sin 6. cos X 2.5. 

Since when is small, cos ^ = 1, we 
have practically the following variations 
to notice: 

Soaring velocity increases with square 
root of weight supported ; 
decreases with square root of area; 
decreased (at first) with square root 
of sine 0. 
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In other words, the greater the area 
or the angle, or both, the less may be 
the soaring velocity. As far as the angle 
is concerned the minimum soaring 
velocity occurs about 30**. This cor- 
responds to a maximum lift with mini- 
mum drift or resistance. By increasing 
the area we can decrease the velocity to 
some extent, but of course the weight 
must increase less rapidly. 

A very important point to notice is 
that since soaring velocity depends in 
the manner indicated upon the angle, 
when high speeds are attained the angle 
may be flattened, so obtaining the same 
lift with less resistance and therefore 
less work (since work is product of re- 
sistance and velocity). This is termed 
"Langley^s paradox,'' and has been much 
dilated on by some authorities. It ap- 
plies, however, only to the plane neglect- 
ing friction. Other parts (framing, 
etc.) will increase in resistance with the 
velocity. 

For starting purposes it is obviously 
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desirable to have the initial velocity as 
small as practicable, and so the best 
arrangement would geem to be, one (1) 
with sufficient power to overcome the 
resistance when the plane hr.s an angle 
of 30° and is moving at soaring velocity, 
and (2) with a mechanism for rotating 
the plane so that as soon as flight com- 
menced and by reason of the starting 
acceleration the velocity increased, the 
resistance could be decreased. 

A further practical point of great 
moment is the resistance of curved sur- 
faces. Mr. Phillips, of Wealdstone, has 
made a large number of experiments 
with slightly curved planes and has 
found that a plane slightly curved down- 
ward in front (approximately "cis- 
soidaV in form) gives a greater lift and 
a smaller drift than a similar true plane 
of the same area at any angle of inclina- 
tion. This fact has been applied in the 
construction of many aeroplanes with 
satisfactory results. Mr. Phillips^ own 
machine is exceptional in that he uses 
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a large number of very narrow surfaces 
superposed. He has obtained a lift of 
3 lbs. per square foot. 

It should perhaps be noted that the 
wings of birds have this slightly curved 
section, and the parachute also gives a 
good example of the greater lift obtain- 
able with such curvature. 

As already mentioned, the drift of re- 
sistance is increased by reason of the 
framing and other parts of the machine. 
It is desirable, therefore, to make all 
stays, struts, etc., with a minimum 
frontal area, or if it be not possible to 
greatly reduce same, they should be en- 
closed in a light casing of stream-line 
form (sine-curve or cigar shape). Petrol 
tanks, motor-casing, aeronaut's cab (if 
possible), etc., can in this way be re- 
duced in resistance, provided, of course, 
the means employed does not materially 
increase the weight. 

As regards steering (both horizontal, 
vertical, and lateral), small planes or 
parts of the large ones should be capable 
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of turning or twisting in the three direc- 
tions. Farther details as to this are dis- 
cussed later. 

When there it a system of planes 
^ they should be so arranged that each 

\ interferes as little, as possible with the 

supply of air to the others. Superposed 
planes should be separated vertically by 
a distance at least equal to the width 
of same in the direction of motion^ and 
I planes behind one another should have 

I an interval equal to upward of one and 

b' a half times this dimension. 
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CHAPTER IIL 

Weight and Power. 

It is of course obvious that the most 
important consideration in connection 
with any flying-machine is the weight to 
be lifted. Supposing that soaring (i.e., 
weight just lifted) is only aimed at, 
then the rules already given supply a 
relation between the weight, angle, area, 
and speed of the plane. 

'Weight=.0017 X a^'ea of plane X veloc- 
ity* X sin e, cos e X 2.5, 
i.e., 

weight 



Area = 



.0017 X velocity* X sin $. cos 



and (for small angle) 

weight 



gin ^ = — 



.0017 X velocitv* X area X 2.5. 



\ 
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The weight that can be lifted therefore 
increases with area; 
increases with square of velocitj; 
increases ad sin 0. cos tf (or sin $ 
for small angles). 

The best combination of area and 
weight has been found to be about 2 lbs. 
of weight per square foot of aeroplane, 
which leads to the rule : . 

2.5X.0017Xvel6city*Xsin 0. cos *=.5 

For practical purposes the weight may 
bo divided as follows: 

(1) Weight of aeroplane. 

(2) Weight of framing. 

(3) Weight of machinery and pro- 
peller. 

(4) Weight of aeronaut. 

By* using silk or calico on bamboo or 
pine the framing and plane may be kept 
within one pound per square foot of 
area. The machinery (if petrol motor 
is used) need not exceed 10 lbs. per 



\ 
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effective horse-power. The weight of 
aeronaut will vary from 150 to 200 lbs. 
Experience seems to indicate that a man- 
lifting machine cannot be built much 
under 500 lbs. weight, which corresponds 
to an area of aeroplane equalling 250 
ft. super as a minimum. The area can 
be increased up to as much as 1,000 
square feet, but of course the greater the 
area the greater must be the power, 
although by using a flatter angle the re- 
sistance need not be increased in the 
same proportion as the area. 

As regards the power required we 
have the following mechanical rules to 
bear in mind : 

Besistance (lbs.) X Velocity (ft. per 
sec.) = Power (in foot lbs. per sec.) 

or 

* 

2.5X.0017XareaXvelocity«Xsin^ 6 = 
power in foot lbs. per sec. to drive 
plane alone. 

If there are (this is always the case 
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in practice) additional resistances we 
must put the rule in the following form : 

[(2.5 X.0017 X area of plane X sin' 0) 
+ (2.5 X .0017 X area of other 
surfaces)] X velocity* = power. 

The other surfaces will include the 
propeller. This expression divided by 
550 = effective horse-power required to 
drive the machine. It will be noticed 
that there are two features which may be 
varied, the angle and the velocity. 

After flight has commenced the 
velocity may be increased by (1) increas- 
ing the power or (2) decreasing the 
angle. The latter is, of course, more 
economical but cannot be carried on in- 
definitely because of the other resistances 
and also because when the angle is very 
small the stability is not great. 

Experimenters differ greatly as to the 
power required. Mr. Farman in his 
recent record flight at Issy-les-Mouli- 
neaux used 50 H.P., whereas Mr. Roe's 
machine (now being tried at the Brook- 
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lands motor track) uses only 6 H.P. 
Supposing in each case that the efficiency 
is 50 per cent., this means that Mr. 
Farman drives with 25 H.P. and Mr. 
Roe with 3 H.P. The difference lies 
wit!h the area and angle of the plane. 
Mr. Roe gets a great initial velocity 
before soaring, using a very flat angle. 
Mr. Farman uses a greater relative area 
and a larger angle, so that the initial 
velocity for soaring is much smaller.* 
The latter, of course, is more practi- 
cable, but is less economical of power. 
M. Santos-Dumont used a very large 
area (2 ft. per lb. about) and large 
power to his machine, "14 bis," which 
made the best flight before Mr. Farman's 
trial. The disposition of the weight ia 
another very important matter. The 
question of balancing will be furtlier 
considered later on, but initial balance 
depends, of course, on the positions of 



• In my book " The Problem of Flight** I have shown 
that the minimam soaring velocity can be obtained with 
«n angle between 20 ^ and SO^.^H. C. 
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the weights. Mr. Boe^s power has since 
pioved too small and has been increased 
to 15 H.P. 

The master rule for balancing is sim- 
ply this: the resultant pressure must 
always pass through the centre of grav- 
ity of the machine. In other words, the 
pressures on the planes must balance 
about the centre of weight. 

In order to satisfy this condition the 
weight must be so disposed that the 
centre of gravity lies in the centre of 
the width and as nearly as possible at 
the point in the length about which the 
pressures on the planes will balance. 

Before making a flight it would be 
well to suspend the machine, so finding 
the exact position of the centre of grav- 
ity and also the actual weight. These 
will serve as data for computing the 
stability in the manner described later. 

It is the usual practice to put the 
motor and attachments aft the centre 
and the aeronaut's car forward. 

A balance weight may be used, which 
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will of course have to be included in the 
total weight. 

The following table of weights will 
probably be useful: 

Aluminium, .09 lb. per cubic inch 

Wrought Iron or Steel, .281b. " ** 

Bamboo, 25 lbs. per cubic foot 

Pear. 28 lbs. " 

Willow, 80 lbs. '* 

Calico, .04 lb. per square foot 

Dressed cotton, .17 lb. 

Pegamoid, .10 lb. 

Silk (dressed), .05 1b. " 

The breaking stresses of some of these 
materials are as follow : 

(TensUe) 
Aluminium, sheet, 12 tons per sq. in. of 

cross -section. 
Wrought Iron, 25 tons, 
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Steel, 80 tons, 

Soft timber (pine), 4 to 5 tons *' 

Also: 

Hemp rope (1 in. girth), .04 ton (working load) 

Iron wire rope, ** .8 ton " 

Steel wire rope, " .45 ton 

The breaking stresses (given in all 
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but the last three eases) should be 
divided by. a factor of safety not less 
than 5 to find the working strength. 

Although it is as yet early to speak of 
long flights, it should be noticed that 
snow, rain, or dew deposited on the 
whole of the surfaces will cause an in- 
crease of several pounds in the weight, 
and also, of course, any stores carried 
must be included, including petrol, 
water, provisions, etc. 

It must also be noticed that the pro- 
pelling machinery when more perfect 
machines are employed will include: 

Friction clutch. 
Cooling water tank, 
Pipes and radiator. 
Change-speed gear. 
Thrust-block, 
Controlling levers. 
Lubrication cups and pipes. 

At present, of course, the small 
motors employed comprise only the en- 
gine, carbureter, and petrol tank, as no 
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change of speed (beyond that produced 
by varying the air and petrol supplies) 
is desired, but this must of course only 
be the first stage. Further details as to 
, this are given in the next chapter^ 

I 
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CHAPTER IV. 

Motor and Propeller. 

The desideratum in respect of a motor 
is of course a minimum of weight for 
a maximum of power. In other words, 
the ratio 

weight of motor 
power 

should be as small as possible. The 
record v^lue^ are as follow : 

Peril. P. 

Dufaux, 1.0 lbs. ) 

Antoinette Co., 2.2 lbs. ^ Petrol 

Wright Bros., 2.2 lbs. ) 

Maxim, 2.0 lbs. Steam. 

These values are, as far as is known, 
found as follows : 

weight in lbs. -^B.H.P. = ratio. 
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There will, however, be a certain loss 
in the transmission mechanifim. In the 
light machine at present employed this 
will oilly be Binall, but in all cases the 
loss at the propeller is serious. Pro- 
fessor Langley obtained an efficiency ot 
50 per cent, for a common type of aerial 
propeller, and bis Taloe is f requeady ap- 
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proximated to. The late M. Froude has 
shown that in marine practice the maxi- 
mum possible eflSciency is 77 per cent., 
and there seems to be good reason for 
supposing the case to be, if anything^ less 
satisfactory in air. 

Taking the value of 50 per cent., this 
means that the horse-power actually per- 
formable by the propeller in moving the 
aeroplane will be only half the brake 
H.P. of the motor. 

It is scarcely necessary in these days 
of motor-cars to describe the petrol 
motor, but the following features may 
usefully be noted. 

The source of power is petroleum 
spirit chemically combining with air. 
The spirit is fed from a tank to a "car- 
bureter," where by passing through a 
nozzle under a slight pressure, and at 
the same time mixing with air drawn 
through a pipe passing over the exhaust- 
pipe of the engine, it becomes a highly 
combustible vapor. 

The engine works on the ''fouTKsyde" 
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principle^ i.e., there are four strokes on 
each of which a different process is per- 
formed. In the first (forward) stroke 
"admission" occurs — i.e., by atmospheric 
pressure the petrol vapor and air are 
pushed into the cylinder through a 
valve which is opened by a cam driven 
by a shaft geared to the main shaft. In 
the second (backward) stroke the gas is 
compressed into a small space. When 
the stroke is completed an electric spark 
is produced across a gap between the 
terminals of a "sparking plug*' screwed 
into the wall of the cylinder. This fires 
the mixture and forces the piston for- 
ward (the third or ignition stroke). 
The last stroke pushes the burnt gas out 
of the cylinder through an exhaust- 
valve operated by a second cam on the 
aforesaid small shaft. Another cam on 
the same "half-speed" shaft makes the 
electrical connection for firing the mix- 
ture. 

There are thus three ways of control- 
ling the working of the engine : 
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(1) By "throttling/' i.e., varying the 
supply of petrol to the carbureter. 

(2) By varying the air-supply to the 
carbureter. 

(3) By slightly altering the moment 
of ignition. 

To start the engine hand gearing is 
generally used (i.e., to make the first and 
second strokes). In a small motor this 
may be directly applied to the shaft, but 
in a large motor chain gearing is neces- 
sary. 

The motor-shaft is generally directly 
coupled to the propeller-shaft, but in 
large motors there should be a friction- 
clutch and change-speed gear to vary 
the propeller-thrust. 

As regards the power of the motor the 
following mechanical rules are useful : 

Indicated horse-power = 

average pressureXstrokoXarea of piston X revs, 
in lbs. per tq. in. in feet in sq. in. per min. 

2X83000 

The average pressure is generally 
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about 80 lbs.y but can be increased a 
little by enriching the mixture (i.e., ad- 
mitting more petrol to the carbureter) 
01 decreased by increasing the air-supply. 
When the motor is running well, by 
slightly advancing the moment of igni- 
tion the power is economized and shock 
reduced. The brake H.P. is generally 
from 5 to 10 per cent, less than the indi- 
cated H.P, by reason of friction, etc., in 
the engine. 

The twisting moment on the shaft 
(i.e., force in pounds, at one foot distant 

. , ,^, Brake H.P. X 550 X 7 

from shaft) =—----- r-> 

44 X revs, per second 

or 

Twisting moment x^f^ x ^o^s. 

B JJ p (lh». feet) p^r gee. 

650 

Thus, by increasing the speed we re- 
duce the twisting moment, and vice 
versa. 

The sources of trouble with a petrol 
motor are generally as follow : 

Firing. Accuinuktors and induction- 
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coil operate the spark. All connections 
should be good and clean. 

Carhuration, The carbureter should 
be in good working order, with neither 
too much nor too little petrol, all parts 
free to move, pipes and nozzles clear. 

Compression, There should be no 

■ 

leakage in valves, cylinder, or piston- 
rings, valves must not stick on seatings. 
Cylinder-walls lubricated, piston-rings 
tight. Back-firing is due to hot cylinder 
or advanced sparking. (If sparking gear 
is advanced it must be put back before 
restarting.) 

Lubrication. This should be sufficient 
but not excessive. Over-lubrication of 
cylinder causes smoky exhaust. 

Cooling Water. A large engine will 
have to have radiator and circulating 
pipes feeding cool water to jackets 
around cvlinders. Small motors have 
gills cast on to outside of cylinders. In 
aeroplanes the air-current will help to 
cool cylinders, especially if latter are ex- 
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posed. Stop directly cylinders become 
overheated. 

Mechanism. If any part of the en- 
gine or gearing rattles or sticks it 
should be at once examined, lubricated, 
and adjusted. Valves require 2>eriodical 
grinding in, but this should only be done 
when surfaces are irregularly woni. 
Valve-springs need careful attention and 
spares must be carried in case of stiff- 
ness or fracture. 

For lightness all parts should be hol- 
low, if possible, as, bulk for bulk, hollow 
rods, shafts, etc., are much stronger. 

The propeller-shaft should bear with 
one or more collars in a thrust-block 
before reaching the engine, and should 
be supported at fairly close intervals to 
prevent vibration. 

The Propeller. 

« 

It is well known that a screw pro- 
peller is similar in principle to the solid 
screw used in mechanism and for fixing. 
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When a screw is used for moving a 
piece (as in the leading screws of lathes 
and plane tables) the piece moves by the 
distance from centre to centre of the 
same thread ("pitch") for one revolu- 
tion of the screw. Fixing-screws ad- 
vance bv the same distance for one revo- 
lution. 

A screw-propeller consists of a sur- 
face or surfaces which form part of a 
screw, and either the fluid is displaced 
backward from the revolving screw or 
the screw moves forward from the fluid. 
The speed at which tlie motion takes 
place would in a solid screw be, advance 
(ft. per sec.) = pitch in ft. X revs, per 
sec, but generally the actual advance in 
the fluid is less. Supposing the fluid to 
be still as regards the earth, the screw 
tends to get this given velocity backward 
or forward according to the direction of 
the pitch and revolution; but since it 
cannot move faster than the vessel it is 
attached to it as it were slips backward, 
the value. 
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(Pitch X revs.) — speed of vesBel 

(Pitch X revs.) 

being called the "slip ratio/' The screw 
works more efficiently as the slip ratio is 
less up to a certain limit. In marine 
practice this limit is about 12 per cent. 

The parts of the screw act in the 
same manner as a small aeroplane push- 
ing backward and tangentially to the 
direction of rotation. The backward 
effect is balanced against the resistance 
of t]ie machine and its forward accelera- 
tion. l*he tangential effect is balanced 
against the twisting moment in the 
shaft. Taking, as before, the efficiency 
of the propeller as 50 per cent., we can 
arrive at ia notion of the pitch and revo- 
lutions from the following rule : 

Thrust X velocity of advance = work 

done on vessel, 
i.e.. 

Thrust in lbs. X velocity of advance 

(feet per second) 

=iB.H.P. 

550 



46 



The yelocily of advance = speed of ship 
= (pitch in ft. X rev. per sec.) — 
(slip in ft. per sec.) 

By assuming a slip ratio it is thus 
possible to find the revolutiouB or pitch 
required, thus: 

Speed of ship + slip ratio (speed of 
ship) = pitch in ft. X revs, per sec- 
ond. 

Thus, if slip ratio is taken at 20%, 
and speed of vessel 66 ft. per second (46 
miles an hour), 

66 + i(66) = say 79 = pitch X revs, 
per sec. 

If revolutions are 10 per sec. (600 per 
minute), this gives a pitch of about 8 
feet. From 600 to 1500 is common. 

It is a common practice to make the 
pitch and diameter of the propeller equal 
to one another. 

As regards the form of propeller, 
since the centre of a rotating mass is only 
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moving with a small velocity, it is best 
to have blades which do not reach to the 
centre. Mr.- Hoe uses very short blades, 
and Captain Ferber adopts the same 
practice. 

Fan-shaped blades seem to give the 
best practical results, and it is fairly 
easy to compute the turning effect re- 
quired to drive a propeller of this type, 
as follows : 

Turning effect (lbs. feet) = area of one 
blade (sq. feet) X mean radius of 
blade (feet)X.002 X sine* of mean 
pitch angle X velocity* (ft. per 
sec.) X number of blades X 2'5. 

The pitch angle is found as follows: 

tangent of pitch angle = 

pitch 

^ X mean diameter of propeller 

(If blades are short it is sufBcient 
to take twice the distance from the 
centre of the blade to the centre of the 
shaft.) 



\ 
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The velocity (ft. per sec.) of the blade 
= 2 X ^ X mean radius (feet) X re vs. 
per sec. 

Three- or four-bladed propellers are in 
general preferable to two-bladed. With 
the latter there is a very considerable 
vibration. More blades than four should 
not be used on account of the forward 
resistance. Complete screw surfaces are 
not of any use for driving purposes. 

Screws may be placed in front 
('^tractors") if desired, but they inter- 
rupt the supply of air to the planes. 

Lifting-screws will be referred to in 
the last chapter. 
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CHAPTER V. 
Balancing. 

The principle on which balances de- 
pend has already been given. It is fre- 
quently expressed as "The turning 
moment about the centre of gravity must 
be zero." 

In order to assure the permanence of 
this condition it is necessar}' to know 
the effect of arranging planes in various 
manners. In the first chapter it was 
mentioned that the centre of pressure 
(i.e., the point at which we may regard 
the whole air pressure as acting) is not 
central but nearer to the windward edge. 
The exact position depends on two 
things, one constant and one variable, 
viz., the shape of the plane and the 
angle of inclination between the plane 
and the air-stream. For square planes 
we have Joessel's law: The centre of 
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pressure is distant from the centre Of 
ai-ea 0.3 — (0.3 sin 0) times the width 
of plane in direction of motion. Fot 
narrow planes not greatly inclined the 
distance is les^i than this, and for hroad 
ones it is more. If we attach the plane 
to the f Ame at the centre of pressure 
there is of course no turning moment 
on the plane itself until it alters its angle 
with the air-stream. If the natural 
direction of the air-stream or the inclina- 
tion of the plane increases in elevation, 
the centre of pressure goes forward and 
the plane tends to be tilted backward. 
If there are planes fore and aft the 
centre of gravity of the machine, the 
ret turning effect is the sum of the total 
pressures on each multiplied by the dis- 
tance of the centre of pressure from the 
place of suspension. In order to neu- 
tralize this some resisting moment - 
must be applied. If we have a small 
plane or box kite fore or aft the machine 
to which the air has easy access, by tilt- 
ing this forward or backward such a 
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moment can be obtained^ the moment 
being the product of the pressure on the 
said small plane multiplied by the least 
distance between the line of direction 
of such pressure and the centre of grav- 
ity of the machine. This is the means 
most commonly employed. 

The same plane may be used for 
upward or downward steering, although 
this object would be much more steadily 
obtained by rotating the main planes. 
Other means of balancing available are: 

(1) The jockey weight. A heavy 
weight slides fore or aft by levers or 
screws, producing a fuming moment 
about the centre of gravity. 

(2) The gyrostat. This appliance 
consists of one or more fly-wheels of 
fairly considerable inertia, which are 
rotated very rapidly by a small electric 
motor. When the vessel tends to incline 
there is a resistance set up by the mo- 
mentum of the fly-wheels (whose 
angular momentum would thereby be 
changed) and their spindles tend to 
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swing round (this motion is called "pre- 
cession"). The motion of the spindles 
can be employed to operate steering- 
planes, or by an ingenious arrangement 
of friction-rollers invented bv Mr. Bren- 
nan of torpedo fame is accelerated, the 
result being a righting moment which 
by using a sufficiently high velocity can 
meet all emergencies. This method is 
certainly the most automatic and reli- 
able possible, its only present disad- 
vantage being weight, i.e., for aero- 
planes as now made. 

(3) The pendulum. The deviation 
of the plane may cause a pendulum to 
have motion relative to the framework, 
this motion being employed to operate 
(with or without relay motors) steer- 
ing-planes or screws to produce righting. 
Its disadvantage lies in the time which 
will elapse before the planes or screws 
come into action. 

In connection with balancing it has 
tc be noticed that there are six directions 
in which the machine may move, or, as 
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it is technically spoken of, three degrees 
of freedom: 

a. Vertical rotation: 

Forward up = backward down. 1 
Backward up = forward down. 2 

b. Horizontal rotation: 
Forward left = backward right. 3 
Backward left = forward right. 4 

c. Horizontal motion: 

Forward. 5 

Baqkward. 6 

Each of these should be, of course, 
under control. 

Vertical rotation is dealt with above. 

Horizontal rotation, which may be 
required to steer the machine or to resist 
lateral air pressure, can be produced in 
three ways: 

(1) By a rudder or vertical steering- 
plane which can be rotated. 

(2) By a box kite which can be ro- 
tated about a vertical axis. This is often 
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the same kite as is used for vertical rota- 
tion. Compare Santos-Dumont's ma- 
chine. 

(3) By twisting one of the planes so 
that the forward edge goes upward on 
one side of the centre and downward on 
the other. This is done by Mr. Roe in 
his "avroplane" and in the Wright ma- 
chine. 

Horizontal motion is of course con- 
trolled by the speed of the propeller. 
By inclining the main planes ujjward or 
downward the speed may be decreased 
or increased, but this will also c&use 
ascent or (if the flattening be sufficient 
or the existing speed small) descent. 

The thrust from the propeller will 
also be a source of disturbance if the 
shaft be not placed in the correct posi- 
tion. If the planes balance one another 
about the centre of gravity the propeller- 
tlirust should pass through tlie centre of 
gravity. In some cases the propeller is 
used to assist the balance of the planes, 
but since it may not always be used (as 
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ill gliding), and certainly will not pro- 
duce a constant thrust, this does not 
seem desirable. 

If the aeronaut is able to move about 
in the car this will also lead to altera- 
tion of the balance. Thus a man weigh- 
ing 150 pounds moving backward only 
two feet produces a turning moment of 
SOO pounds-feet. 

Lateral wind will of course tend to 
carry the machine with it. The inertia 
of the machine will at first resist this 
force, and the smaller the area pre- 
sented laterally the less will be the dis- 
turbing force. This can be imagined 
perhaps better if we say that the plane 
will cut into the air-stream obliquely 
with little effort if its area in the direc- 
tion of motion be small. Some steering, 
however, will be necessary if a constant 
direction relative to the earth is desired, 
the steering plane serving as sail to a 
yacht. The latter analogy must, how- 
ever, not be pushed too far, since the 
resistance of a yacht in water to the 
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force of the wind entirely alters the con- 
dition of things. Relatively the steer- 
ing in the air will require much more 
effort, since the air is the medium as 
well as the agent of motion. As regards 
the mechanism for controlling the planes, 
wires passing over small pulleys and 
operated from small levers or hand 
wheels give the lightest arrangement. 
Possibly with larger machines levers 
with notched sectors and spring catches 
will be used. 

In cases where it may not be possible 
to use tension wires, strut-levers may be 
built with small rods trussed on four 
sides with a central cross of rods from 
the apices of which guy-wires are 
stretched to the ends of the main rod. 
Some means of tightening all such wires 
is indispensable. 

If the jockey-weight method is used 
I should recommend that a deep pitched 
leading be used on which the weight will 
run easily between guides, the screws 
being rotated to either hand by a step- 
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up gear, so that the weight can be 
rapidly brought into position. 

Inventors using the gyrostat would 
do well to adopt Mr. Brennan's method 
in toto. Doubtless a specially light form 
could easily be designed for airships. 
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CHAPTER VI. 

CONSTHUCTION. 

The method adopted for the con- 
struction of an aeroplane will of course 
intimately depend on the type of ma- 
chine and the proportions adopted. The 
majority of successful machines have 
been arranged with two pairs of trans- 
verse planes (with or without cell parti- 
tions, as in the Hargrave box-kite). 
Each pair is framed with rectangular 
panels, the two pairs being connected 
with a longitudinal frame or girder. 

This type seems to have been first 
developed by Mr. Chanute, and there- 
fore termed the "Chanute glider." The 
following sketch and dimensions of the 
frame of Mr. Farman's machine will in- 
dicate the general proportions: 
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The frames are at present generally 
constructed of stout bamboo, but steel 
is used in some cases. 

In considering the strength of the 
frame we have three main parts : 

(1) Longitudinal girder, sometimes 
triangular and sometimes rectangular. 

(2) The fore girder, rectangular in 
section. 

(3) The aft girder, rectangular in 
section. 

The latter is generally smaller than 
the fore girder. To find the forces act- 
ing in the parts of the frame we calcu- 
late on the same principles as in bridge 
construction. Taking the longitudinal 
girder, we have the following arrange- 
ment: 
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We can for finding strength neglect 
the weight of the longitudinal girder. 

The greatest bending moment will be 
either 

]{Li-w,) X (X - d,) } - { w.x [XT(di-l- d,)] } 
or 

{(L,-W4) X (X - d,) }- 1 w.x [x- (di+ d,)] } 

Use feet and pounds for measure- 
ments, and the result will be in foot- 
pounds turning or "bending moment/' 

The resisting moment of the frame 
will be as follows (rectangular frame) : 

2 X pnll or push in one bar (lbs.) X 
depth of frame (feet) = bending 
moment. 

Using the greatest bending moment, 
we have then: 

Greatest \ P»^^ i" bottom bars ) ^ 
( or, push in top bars ) 

greatest bending moment 
2 X depth of frame 

If the frame is triangular, 
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(Push in top bar X f depth) + 2 (pull 
in each bottom bar X i depth) = 
bending moment. 
This leads to the following simple 
ride: 

Pull or push ) 3 X bending moment , 
in rods ) 4 x depth 

For the transverse' frame we have: 
Greatest bending moment = 

(L.-W.)x-|,or(L,-W.)x|- 

The type of machine devised by Pro- 
fessor Langley is also adopted by some 
experimenters. In this there is a cen- 
tral shaft instead of a girder, and the 
transverse planes (which are not usu- 
ally superposed in pairs) have framings 
which are jointed with tee-pieces into 
the central shaft. The frames are 
stiffened by cross-struts and stay-wires 
fixed to the ends like the trussed beams 
used in travelling cranes. Steel is pref- 
erable for this type of frame. Alumi- 
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num is of no great advantage, as 
strength for strength is very little 
lighter, and much more expensive and 
difficult to procure. 

As regards the joints of framework 
it is perhaps best to have specially cast 
junction-pieces, although for small ex- 
periments Messrs. Voisin (the builders 
of Mr. Farman's aeroplane) recommend 
pieces of sheet metal cut into an "H" 
form which will fold over and join 
three pieces meeting at right angles. 
Lashed connections should only be 
temporary. 

Mr. Walker recommends the use of 
an alloy of aluminum, copper, and zinc 
(Al. 6%, Cu. 60%, Zn. 30%), which 
he says has a tensile strength of 85 
pounds per square inch. 

All planes or other parts not franied 
should be staved or stiffened to the 
main framing. Planes which are to be 
revolvable shouUl have a main rib pass- 
ing through the usual centre of pressure, 
sheathed with metal at the point of 
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crossing the frame and passing through 
trunnions. Rotation should be produced 
by wires attached to the plane at some 
point distant from the main rib, the said 
wires being balanced by compensating 
weiglits or wires, so that the plane can 
be turned in either direction without 
any wire slackening. 

The motor should be placed within 
th'^ longitudinal girder, the transverse 
frames of which will carry the thrust- 
block and bearings of the propeller-shaft. 

The petrol tank can be carried at the 
top bars of the longitudinal girder, so 
as to have a gravity feed to the carbu- 
reter, which should be attached to the 
motor-casing or some part of the fram- 
ing adjacent thereto. Tlie space about 
the motor should be as clear as possible. 

The aeronaut's seat is generally 
toward the front of the vehicle, ana 
should be so arranged that, while access 
and egress are easy, it is possible for him 
to enclose himself so as not to be thrown 
out in any position of the aeroplane. 
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There must be easy control from the 
aeronaut's seat of the following de- 
vices : 

1. Wlieel for rotating rising plane 
for ascent or descent. 

2. Lever or wheel for rotating or 
twisting steering-plane. 

3. Lever operating friction-clutch on 
propeller-shaft. 

4. Lever operating brake on propel- 
ler-shaft. 

(The two latter will not be required 
on a small machine.) 

5. Throttling lever. 

6. Lever controlling air-feed to car- 
bureter. 

7. Lever advancing spark. 

8. Switch for ignition. 

9. AVheel or lever controlling balance 
weight. 

It is obvious that in larger machines 
these will have to be divided between 
two aeronauts, but at present all have 
to be operated by one man. On this 
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point there are some remarks in the fol- • 
lowing chapter. 

It is necessary to have wheels for 
starting and springs to take the shock 
of impact with the ground at descent. 

Small rubber-tired wheels (about 9 
inches or 12 inches diameter) are used 
at present, the spindles sliding in a 
square axle-box between horn plates. 
Providing the plane descends squarely, 
these will take the shock. At present 
nothing can be definitely said as to fit- 
ting springs to the framing. The ag- 
gregate stiffness of the springs should 
at least equal twice the weight, or the 
springs will be liable to fracture. 

Every rectangular bay of framing 
should be cross-braced with diagonal 
wires, such wires being fitted with 
adjustable coupling-nuts. The longi- 
tudinal girder should also be well 
stiffened and cross-braced, as it has to 
transmit the thrust and also withstand 
shearing forces from the loads and 
plane-reaction. 
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As to the construction of the propel- 
lers, simple fan-bladed screws can be 
made, with two straight rods for each 
blade adjusted so as to give the correct 
pitch-angle at the different points in the 
length, the outer ends having the fabric 
(generally silk, but sheet aluminum may 
be used) stretched across to form the 
blade. 

Professor Pettigrew has recommended 
a flexible propeller, which could be made 
with a rib of telescopically jointed tube, 
winding to give the correct bevel, trans- 
verse ribs being tee-jointed *o it. Over 
the latter and to the main rib the 
blades could be fixed with eyelets and 
clips or rivets. It is very essential that 
the propeller frame should be sufficiently 
strong, as a serious accident might result 
from a broken blade flying off. 

If cuned planes are used the framing 
should of course be curved to fit, with 
guy-wires stretched across the chord of 
the curve if necessary. 
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CHAPTER VII. 
Difficulties. 

Although in the previous chapters the 
subject has seemed fairly straightfor- 
ward, yet it must not be overlooked that 
there are many points which are not 
thoroughly understood. Rule-of-thumb 
methods prevail in this as in all other 
subjects, and such methods are not 
always reliable. 

Some of the critical difficulties are 
the following: 

1. Gustiness of wind. 

2. Rapid change of balance. 

3. Simultaneous manipulation of 
planes, balancing, and propulsion gear. 

4. Descent. 

5. Ascent. 

6. Change of speed. 

7. Lateral motion against air-current. 
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1. The GiAstiness of Wind has received 
attention at the hands of several eminent 
scientists, particularly the late Professor 
Langley. In his work the ^'Internal 
Work of the Wind" he has given the 
results of a large number of experiments 
made with very delicate and continu- 
ously recording anemometers. These 
results show that the variations in the 
wind pressure are much greater than is 
commonly supposed. The Forth Bridge 
anemometer records also indicate this 
fact, and Lord Eayleigh has shown how 
this variation is probably utilized by 
birds in economizing muscular power. 
As far as aeroplanes are concerned there 
is no apparent means by which they 
could respond to the fluctuations in 
pi-essure so as to do this, but they will 
tend to oscillate. 

This oscillation will, if the natural 
period of vibration of the machine about 
its centre of gravity be about tl;c ^ame 
as the period of the gust, increase and 
terminate in collapse. Professor Bryan, 
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assisted by Mr. Williams, B.Sc, has 
made a number of experiments with 
simple planes gliding, and finds that 
there are two kinds of oscillation, one 
of short period and one of long period, 
but these results may not exactly apply 
to a large complex and weighty aero- 
plane. 

The periodic time increases as the 
square root of the weight and as the 
distance of any part of the weight from 
the centre of gravity. It decreases as 
the square root of the turning moment 
which is righting the machine. 

2. Rapid Righting of Balance. — If the 
aeroplane is subject to a sudden turning 
moment by a gust or motion of a weight 
in the vehicle, it would of course be 
desirable to be able to immediately 
supply an equal and opposite moment to 
maintain balance. This is not, however, 
generally possible, since the means em- 
ployed for balancing are of such a kind 
that a large turning moment needs a 
little time to develop. While this is 
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increasing, tlic excess from tlie deviating 
moment will give kinetic energy to the 
veliide and so it will heel over to a 
greater degree than would occur if the 
moment was balanced at once. When 
this point has been reached the righting 
moment will probably be more than the 
deviating moment and the vessel will 
swing back. This oscillation will con- 
tinue until the damping action of the 
air on the planes extinguishes it. It will 
be obvious from this that it is desirable 
to bring the righting moment into action 
as soon as possible, whether planes or 
jockey- weights are used. 

3. Simultaneous Operation of Balance, 
Steering and Propulsion. — Referring 
back to the chapter on construction it will 
be observed how many different levers, 
wheels, etc., need attention. In cases of 
emergency this will undoubtedly lead 
to trouble, and as far as possible the 
system should be simplified. Thus the 
steering-gear can be reduced to one 
wheel if the shaft is pivoted close to 
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the pulley or lever rotated by the wheel. 
The rotation of the wheel can then oper- 
ate the balance-plane (for motion verti- 
cally up or down), and the motion of 
the wheel-shaft used as a lever can be 
employed to operate the steering-planes. 

If a jockey-weight is used, a single 
wheel with bevel gearing driving the 
leading-screw (which must be of deep 
pitch) should be used, with free motion 
in either direction. 

Steering (or even balancing) may be 
assisted in a small machine by the aero- 
naut leaning to eitlier side or forward 
(providing, of course, his accommoda- 
tions will allow him to do so). Mr. Far- 
man is understood to have steered in 
this way, as on a bicycle. 

The propelling machinery needs con- 
siderable attention. After switching on 
the ignition and opening the throttle 
the motor is started and will need to be 
controlled by varying the throttle of the 
air-supply. Should the motor stop, the 
balance-plane should be rotated imtil 
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inclined slightly downward in front, 
when the plane will glide downward. It 
will be preferable to slope all the planes 
slightly downward for free gliding. 

4. Descent, — In descending it is 
necessary that the planes should be so 
iL'clined that there is a sufficient vertical 
ccmponent pressure to support the plane 
and a sufficient resistance in the direction 
of motion to prevent a very high velocity 
being maintained. 

Theoretically the best arrangement 
will be for the planes to be inclined at 
an angle from the horizontal downward 
in front about one-third the angle of 
descent from the horizontal. It is verv 
important to notice that the effective 
angle between the plane and the etrecm 
i.^' in this case iwt tlie angle with the 
horizontal but the angle with the line 
of motion. 

Descent on to a fairly level surface is 
of course a sine qua non, and springs to 
take the shock of impact. If there are 
wheels and the descent is at a flat angle, 
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the shock will be confiiderably lessened if 
the vehicle can run along the ground. 

5. Ascent. — It has already been men- 
tioned that the minimum soaring veloc- 
ity is obtained with an angle of about 
30°. This, however, involves of course 
a considerable resistance as compared 
with smaller angles, so that many ex- 
perimenters, to save power, use a flatter 
angle. A higher initial velocity is of 
course required, and the travel of the 
plane on the ground will be more. It 
will often be difficult to secure a suitable 
site for commencing a flight, the only 
alternatives to a flat run being a long 
sjope or an escarpment. The latter is 
of course dangerous, since if sufficient 
velocity is not reached before the ma- 
chine has reached the base of the escarp- 
ment a bad accident will occur. On the 
whole the level course is far preferable. 

The usual practice is to develop speed 
with planes flat, and when soaring speed 
for any angle is reached throw up the 
planes to that angle. Difficulty is gen- 
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eially experienced with the turning 
moment thus suddenly brought into play, 
the centre of pressure receding so that 
the machine tends to dip forward, or if 
the planes are pointed at a forward posi- 
tion, the machine dips backward. Tliis 
must of course be corrected by the steer- 
ing-plane. 

6. Acceleration needs a reserve of 
power and a change of attacking angle 
so that little seems to have been done in 
this direction as vet. 

7. Lateral Motion against a Cur- 
rent. — As already mentioned, this is 
rather a serious difficultv. Save for its 
inertia the machine tends to drift with 
all currents, so that unless there is any 
means of steering laterally the actual 
motion (as compared with the earth) 
will be compounded of its motion 
through the air and the motion of the 
air as compared with the earth. 

A vertical plane acting like the rudder 
of a ship will serve to deviate the vessel 
from this course, but since it depends 



78 



for its action on the relative motion of 
the air itself, it will often be far less 
eflScient than the marine rudder, since 
the latter rarely has to encounter cross- 
currents of great relative magnitude. 

To illustrate this point, let us sup- 
pose the machine is proceeding north- 
ward relative to the air, which air is 
at the same time blowing eastward with 
the same velocity. The machine will then 
proceed to the northeast (relative to 
the earth) with a velocity compounded 
of the said two velocities. If the rudder 
be now set at an angle of 45° to the 
axis of the vessel in the manner which 
would be employed in steering a boat 
ov ship to bring it round to the north, 
after the first response to the helm, owing 
to the fact that the air-stream is now 
relatively moving against the rudder 
from the northwest, it will act verv 
strongly. If, on the other hand, we 
desire to go farther northeast and rotate 
the rudder 45° to the left, it will not 
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act at all, shortly after the vessel re- 
sponds to the helm. 

On this matter it is of course only 
possible to give general ideas which 
practical experience must supplement, 
but sufficient has been said to show that 
the problems of balancing, steering, and 
controlling an aerial machine are many 
and serious. 
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CHAPTER VIII. 
Future Developments. 

The art of prophecy has been so much 
practiced in connection with aerial navi- 
gation that it is scarcely necessary to 
repeat the oft-recurring description of 
its possibilities. Personally, I think at 
first we must not expect very much. 
Whether it .will eventually produce a 
reconstruction of methods and ideas 
like that which railways have achieved 
it is as yet impossible to say. It depends 
very largely on those practical limita- 
tions of aeronautics, which up to the 
present we have not been able to exactly 
define. 

Regarding the matter from a more 
optimistic point of view, we can say def- 
initely that mechanical flight has been 
achieved and doubtless will continue to 
be in the future, so that the problem 
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new is. In what way can the flying- 
machine be developed to give a more 
efficient result ? All prototypes are inef- 
ficient and clumsy. The "Rocket" com- 
pared with a modem express locomotive 
shows scarcely any resemblance; in 
fact, the identity is almost one of prin- 
ciple only. So we may expect it to be 
with aeroplanes. 

As regards the size of the aeroplane, 
by using more power without increase 
of weight (which of course involves an 
e\en lighter type of motor than we at 
piesent have) it will be possible to re- 
duce tlie bearing surface. Probably six 
or seven pounds per square foot will 
eventually be carried, the conditions 
being a larger angle of inclination or a 
greater speed, either of which is neces- 
sarily accompanied by a greater resist- 
ance. 

As regards balancing I venture to 
think that a perfectly automatic gyro- 
static apparatus must displace all rivals. 
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Small planes will only need to be used 
for steering. 

There seems more scope for improve- 
ment in the form and arrangement of 
the planes than in anything else at pres- 
ent. The system introduced by Mr. 
Chanute of a longitudinal girder crossed 
by two transverse frames supporting 
the planes is rather fragile when tlie 
weight is limited as at present, and 
Langley's frame is but little stronger. 
In fact, the late professor's man-carry- 
ing machine came to grief (owing to 
c(»llapse of guide-rails) before flight. 

Most of the macliines at present are a 
maze of fine stay-wires interlacing one 
another in all directions to truss the 
various ribs and frames. It would seem 
desirable that the joints of the frames 
should be formed with strong brazed 
angle-pieces, the stay-wires being dis- 
pensed with. The objection to this at 
present is the weight of the angle-pieces 
and extra thickness of frame-tubes. 

These machines seem particularly 
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weak at the outer ends of the planes. 
If a plane touches any obstacle during 
the flight there is almost certain destruc- 
tion of the whole machine. For this rea- 
son it seems desirable to reduce the 
spread of the planes, although of course 
the surfaces must be kept relatively nar- 
row in the direction of motion. Mr. 
Chanute has designed a tiered machine 
consisting of several narrow planes 
above one another, and Mr. Phillips has 
a very similar arrangement of curved 
Wades fixed in a frame. Developments 
in this direction seem to be promising. 

Further improvements will probably 
appear in the control of the planes. It 
is probably desirable that every bearing 
surface should be revolvable about its 
axis, as is the case with the wings of 
birds. This will of course involve the 
pivoting of each plane frame through 
its usual centre of pressure, and attach- 
ment to the frame of levers or wheels 
capable of motion relative to the main 
girder. Toothed sectors operated by 
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pinions would seem to be the best ar- 
rangement when the lifting force will 
allow of the weight involved. Unless 
tbese rotar}' motions can be automatic- 
ally controlled, however, this improve- 
ment will have to wait until the ma- 
chines can carry two engineers to look 
after the mechanism. 

As already mentioned, several fea- 
tures necessary in the propelling machin- 
ery of ships will be indispensable wiien 
the aeroplanes are built for larger loads : 
clutches, brakes, reversing and change- 
speed gears, auxiliary machines for 
starting, and possibly for steering 
and balancing. 

The use of sheet metal (probably alu- 
minum) for the bearing surfaces is not 
likely to be long delayed. Cochrane's 
corrugated aluminum seems a good idea, 
but of course needs to be tried on a 
large scale. 

Various instruments will also be 
needed when voyages of any length are 
made, including: 
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Aneroid barometer. (This will prob- 
ably be seriously affected by the air-cur- 
rent and disturbance about the planes, 
but a correction for this may perhaps be 
found by experiment.) 

Thermometer and apparatus for boil- 
ing water. 

Compass on gimbals. 

Sextant or other angle-measuring in- 
strument. 

Anemometer to find relative velocity. 

Another feature which would be 
desirable in larger machines would be 
a casing for the car, of stream-line 
form, so that the resistance to the air 
would be minimized as much as possible. 
This could be constructed of sheet alu- 
minum on a light steel framing. A fish, 
torpedo, or sinuous form would be pref- 
erably adopted, but a cylindrical form , 
with spherical or conoidal ends would be 
nearly as efficient and more commodious. 
Transparent lookout panels fore and aft 
would of course be necessary, as well as 
openings for access and repairs. 
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One of the chief disadvantages with 
the aeroplane is the necessity of a space 
to commence flight from; and if aerial 
flight on this system becomes common, 
special spaces or stages will have to be 
arranged. The length of these would 
need to be upward of fifty yards, with 
no great obstacle at either end, and the 
width at least half as wide again as the 
largest machine to 'be accommodated. 
A gentle slope would be preferable. 

Much has been said for and against 
the military utility of aeroplanes. That 
the authorities consider the matter of 
importance is evident from the experi- 
ments at Aldershot and Blair Athol. 
The United States, France, Germany, 
and Russia have all shown an active 
interest in the subject also. 

The following applications of aerial 
flight would seem to be possible : 

1. Reconnoitring. — An enemy's move- 
ments would be discernible from a great 
height. The speed of the machine and 
liability to be struck would be the chief 
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disadvantages. Neither of these consti- 
tute insuperable difficulties. Observa- 
tions could be obtained, with allowance 
for the Asplacement of the point of 
view, and the danger to an aeroplane 
from artillery is not nearly so great as 
with a balloon, since moving more rap- 
idly it would be more difficult to hit, 
and, if hit, unless the machinery is 
touched, only a small hole would be 
made in the bearing surfaces. 

2. Despatch worJc. — When the ma- 
chines are thoroughly controllable the 
aeroplane would give r ready means of 
quickly crossing a country occupied by 
hostile troops, or into or from a be- 
leaguered city. For even routine work 
when speed was essential and the dis- 
tance great, aeroplanes could also be 
used. 

3. Bombardment, — This is the novel- 
ist's favorite theme, but is open to many 
difficulties. The recoil from even light 
guns (supposing weight can be carried) 
would seriouslv affect the stabilitv, and 
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many diflSculties would occur in getting 
the range, since a projectile would have 
a resultant velocity composed from the 
velocity of the aeroplane, the initial 
velocity from the gun, the gravitation- 
ally acquired velocity during the de- 
scent, and the motion of the air through 
which it falls. This may not be an in- 
surmountable diflSculty but is certainly 
a serious one. 

Explosives dropped from any aerial 
machine will be subject to the same dif- 
ficulties. 

4. Fighting. — Aeroplanes to attack 
other aerial vessels (balloons or aero- 
planes) have been projected, and the 
officers of the department dealing with 
this matter in England are understood 
to have this idea in view. 

Rifles might possibly be used from an 
aeroplane, although there are many dif- 
ficulties in connection with marksman- 
ship. 

Ramming would almost certainly 
bring catastrophe to both vessels, and 
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hence would only be permissible in ex- 
tremis. 

Balloons would be able to rise above 
aeroplanes. 

It is rather interesting to note in con- 
nection with this sjibject that Mr. Jane, 
the inventor of the naval "War Game/^ 
has stated that manoeuvres of aerial 
vessels have already been schemed by 
his system. 

5. Military surveying, — Topographi- 
cal work of a rough but eflfective char- 
acter could well be performed from 
aeroplanes, more particularly on account 
of the increased elevation and range of 
view. 

Other developments in connection with 
exploration, surveying, meteorology, 
transit, etc., may be expected. 
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CHAPTER IX. 
Cost. 

The expense involved in building and 
experimenting with aeroplanes is un- 
doubtedly a serious item. Both Pro- 
fessor Langley and Sir Hiram Maxim 
spent many thousands of pounds 
and after all failed to construct 
entirely satisfactory machines. Their 
work has, however, cheapened the work 
of their successors. A small man-car- 
rying machine may now be built for less 
than the cost of a motor-car. 

The main item is of course the motor. 
The cost of this is roughly £10 per H.P. 
when the power is above 20 H.P. and 
less than 80 H.P. For economy it is of 
course best to have small power, but 
this involves a lack of control and a high 
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initial speed, both of which are objec- 
tionable. 

If we classify the parts in the fol- 
lowing manner we can get a general idea 
of the cost: 

Say 1 H.P. lifts 16 lbs. (angle about 
12°, speed 35 ft. per sec.). 
Motor, X H.P. wt. 3x lbs. £(r) X (10) 
Framing, say 15a: lbs. say (5a; lb.) X 

Surface, say 2x lbs. say (15.t sq. ft.) 

X(6^.) 
Load, say bx lbs. (aeronaut, etc.) 
Accessories, x lbs. say 2s. per pound. 

Thus an aeroplane taking 50 H.P. 
will cost as follows: 

wt. £ s d 

Motor, 50 H.P. 150 lbs. 500 

Framing, 250 lbs. 12 10 

Surface, 750 sq; ft. 100 lbs. 18 15 

Accessories, 50 lbs. 5 



Load, 250 lbs. £536 55. Od. 

Total weight 800 lbs., say £550. 
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Labor would probably work out at 
£50, making in all £600. 

Again, take a lower power: 
1 H.P. lifts 50 lbs. (angle 7% speed 45 
ft. per sec.). 

£ s d 
Motor, 6 H.P. wt. lOa? = 60 lbs. cost 60 

Framing, wt. 10a; = 60 lbs. 8 

Surface, say 200 sq. ft., 20 lbs. 5 

Accessories, 10 lbs. 10 

Load (aeronaut) 150 lbs, 

£59 

Total wt. 5ai;=800 lbs. 14 15 



Add 25^ for incidentals £73 16 

Say £74 

Note the proportions are different in 
this case. It will be obvious from this 
that the cost of a man-carrying machine 
will vaiy from about ^£50 to £1,000. I 
do not think the most enthusiastic and 
skilled amateur could do much with less 
than fifty pounds to spend. 

A variety of amusing and instructive 
experiments may, however, be made 
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with small gliders. These may be con- 
structed of bamboo or cane with cotton 
fabric for a trifling cost^ and can vary 
in size from that of a child's kite to 
that of a man-carrying aeroplane. 

The larger varieties of say 100 super 
feet and upward bearing surface can be 
tried on a slope^ when if the slope is 
long enough or there is a favorable wind 
up the slope a man will be able to soar 
through the air some distance. Even 
comparatively great heights can be ob- 
tained in this way, but the experiment 
carried to this extent is dangerous. 
Otto Lilienthal rnd Percy Pilclier both 
lost their lives in practising soaring, even 
though both men had much previous ex- 
perience. A glide near the ground is, 
however, quite safe. 

Generally speaking, no true mctor at 
present known is light and powerful 
enough to drive small aeroplanes. 
Bands of rubber fixed at one end to the 
frame and at the other end to a pro- 
peller boss, and twisted many times by 
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revolving the propeller-shaft, will store 
BuflBcient energy to drive a plane several 
hundred feet. Special clockwork tprings, 
if made extra heavy and fully wound, 
will carry a well-designed model a short 
distance, but on account of the reducing 
gear necessary are generally too heavy. 

Bubber will safely store about 100 
inch-pounds per cubic inch. 

Hardened steel springs will store 
about 10 inch-pounds per cubic inch. 

Much useful information concerning 
the construction of kites is given in Mr. 
Fred Walker's little book on "Kites" 
(Simpkin, Marshall & Co.). 

As to the cost of upkeep of an aero- 
plane, particulars are of course not yet 
available, but considerable information 
can be obtained by comparing the cost 
of motor-cars, excluding tire repairs. 
Particulars of this are given in most of 
the motoring journals from time to 
time. The cost per H.P. is the essential 
item. 
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Generally the cost of a machine per 
unit time is of the following form: 

(Constant X H.P.) + constant. 

The first constant includes consump- 
tion of fuel, lubricant, etc. The second 
includes depreciation, repairs, and acces- 
sories. 
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CHAPTEE X. 
Othee Types. 

So much has been said about the aero- 
plane that the possible importance of 
other types has been to a great extent 
overlooked. Many men who are con- 
sidered experts have pronounced in favor 
of the helicoptere, and still more have 
pinned their faith on the birdlike ma- 
chine, or ornithoptere. 

Before dogmatizing on the subject a 
very careful consideration of the pros 
and cons is necessary. 

Let us take the ornithoptefe first. Its 
disadvantages are: 

1. Complexity of mechanism. 

2. Downthrust on the back stroke of 
the wings, unless their plane coincides 
with the direction of relative motion. 

3. Balancing diflSculties. 

4. Paucity of thrust at low speeds. 
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5. Periodic variation in the lift and 
thrust, which reduces the average value 
of both and may tend to cause oscillation. 

It is only recently that the flight of 
birds has been at all well understood, and 
its success is now seen to depend on a 
far closer correspondence to environ- 
ment than was previously suspected. 
Professor Marey has shown by photog- 
raphy and electrical apparatus that, dur- 
ing one up-and-down beat of the wing, 
the wing is twisted from an upward 
slope (at commencement of downstroke) 
to a downward slope (at end of down- 
stroke) and again to an upward slope 
during the upstroke (the slope increas- 
ing to a maximum at the middle of the 
upstroke). The wing is only horizontal 
near the lowest point of the stroke. 

There are thus the following motions 
of the wing planes during one period : 

1. Forward motion with body. 

2. Bevolution of tip of wing in a 
roughly circular path (i.e., as compared 
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with the body, or cycloidal as compared 
with the air). 

3. Torsion of the wing plane, amount- 
ing to about 60° on the downstroke and 
45° on the upstroke. Tl^e upstroke is 
generally performed in less time than 
the downstroke, and is more nearly verti- 
eal than the downstroke. 

The period of one complete up-and- 
down stroke varies from 350 to 9 in 
insects, and from 13 to 3 (per second) in 
birds. 

The area of the wings varies from 50 
sq. ft. per pound (gnat) to i sq. ft. per 
pound (Australian crane). The heavier 
the bird the smaller are the wings and 
generalhf the better does it fly. 

Professor Pettigrew was firmly of 
opinion that the efficiency of bird and 
insect flight depended very largely on 
elasticity of the wing. He also showed 
that the body rises during the down- 
stroke and falls during the upstroke, 
and that the wings are twisted into a 
screwlike form during the stroke. 
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Yet another important point is that 
all flying animals are provided with a 
universal joint between the wing and 
the body, the wings being attached just 
near the centre of gravity of the body, 
the balance being maintained by the 
alteration of the body and head and by 
the rudderlike action of the tail plane. 

From a mechanical point of view it 
is evident that the wings act in just 
the manner of an aeroplane, the action 
being, however, complicated by the re- 
ciprocating motion. During the down- 
stroke there is lifting and propulsion, 
and during the upstroke probably no 
dynamic action. The air-currents in- 
duced seem to be very intricate in char- 
acter, and it is also practically certain 
that birds habitually employ the periodic 
variations in the wind velocity to dimin- 
ish the muscular effort. 

Many machines have been constructed 
which profess to imitate bird flight, and 
there are inventors who claim to have 
made successful flights with such 
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machines. Whether they have done so 
or not I cannot say, but in any case the 
mechanism will need to be of great com- 
plexity and consequent uncertainty as 
compared with the simple aeroplane. 

The advantages of the ornithoptere 
are as follows : 

1. Flight from rest without prelimi- 
nary surface glide. 

2. More independence in regard to 
variations of the air-currents. 

3. Propulsion without propellers. 
The Uelicoptere, — Admirers of Jules 

Verne and George Griffiths will be 
familiar with the vertical-screw machines 
b^ which (on paper) those novelists 
have "conquered the air." 

As a matter of fact the vertical-screw 
machine has been regarded by many 
students of flight as extremely promising. 
Sir G. Cayley, Penaud, and more re- 
cently Kress, Breguet, and others, have 
made many experiments. The advan- 
tages are as follow : 

1. Direct lift from rest. 
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2. Lift independent of horizontal 
velocity. 

3. Less exposed surface and conse- 
quent better dirigibility. 

4. Balance obtained by differential 
motion of screws. 

The disadvantages are: 

1. Absolute dependence on motors. 
Breakdown means catastrophe. 

2. Separate motors required for driv- 
ing and lifting. 

3. Smaller mechanical eflSciency of 
screw as compared with aeroplane. 

4. Greater strength, and consequently 
weight, of framing. 

5. Greater thrust required. 

It has been suggested that a combina- 
tion of the aeroplane and helicoptere 
would get over the first diflSculty, but 
til is would accentuate the remaining 
three objections. 

Edison made some experiments on 
lifting-screws, with unsatisfactory re- 
sults, but more recent work by Walker, 
Kress, and Breguet have shown that lifts 
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amounting to from 10 to as much as 40 
lbs. per n.P. are possible (85 lbs. is 
claimed in one case but the figure is 
doubtful), so that there can be no great 
mechanical difficulty in constructing 
machines which will lift themselves. So 
long, howcA'er, as we have petrol motors 
which will stop upon (comparatively) 
slight provocation this form will not be 
safe. 

As to the form of propeller, if the lift- 
ing speed is not to be great, I am of 
opinion that types somewhat resembling 
ventilating-fans would be preferable. By 
the courtesy of Mr. Hattersley Pickard, 
of Leeds, I have had some particulars of 
a fan which seems to give very good re- 
sults (50 or 60% efficiency). The blades 
are turned axially at the tips so as to 
limit the escape of air by centrifugal 
force, and at the centre a torpedo- 
shaped boss fills the space which other- 
wise would be filled with inert air. The 
pitch must be very fine so that the pitch 
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angle does not exceed 6° at the tip of 
the blades. 

In a previous chapter I have given 
rules for calculating the thrust from a 
propeller. This same thrust will serve 
as lifting force. The aggregate lift for 
all the propellers used must of course 
always exceed the weight carried. 

For purpose of balance four vertically 
acting screws at least are necessary 
(paired laterally and longitudinally). 
Any multiple of two (more than four 
can be used), but, generally speaking, 
four propellers of the same total effec- 
tive area as six or eight others will give 
better results. 

In this type of machine it is desirable 
to encase the whole car in a stream-line 
form (torpedo, cigar, or hull-shape) to 
minimize the horizontal resistance. This 
can be of sheet aluminum. 

It also seems desirable to surround the 
propellers with light casings to form 
tunnels for access and egress of air. 
These must clear the tips of the blades 
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by a good distance (say the radius of 
the fan), or there will be loss by friction. 

The car in this type of machine will 
need lateral and longitudinal frames 
(these should be continuous), as in a 
ship. Thrust-blocks will be needed for 
each of the lifting and tractive pro- 
pellers. As regards the latter they may 
be fore or aft, or both. 

Rudders will be necessary, and verti- 
cal steering can be controlled by planes 
capable of rotation about a horizontal 
axis or by varying the speed of the lift- 
ing-screws. If a large lifting speed is 
desired, the lifting-screws must be of the 
open type, not the ventilating type. 

We have now scanned practically the 
whole field of aerial navigation (exclud- 
ing balloons), and a few words as to 
further sources of information will per- 
haps be useful. 

It may be said that a student of this 
subject needs to give attention to the fol- 
lowing brandies of science: - . 

1. Meteorology. 
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2. Thermodynamics. 

3. Hydraulics (of compressible fluids). 

4. General applied mechanics of ma- 
chines and structures. 

5. Practical construction. 

It is very surprising how wide an area 
of knowledge aeronautics touches. 
Almost every branch of physical science 
must give its quota, and when all is done 
the information obtained is barely suflS- 
cient. 

The literature of the subject is now 
fairly extensive. There are Avorks in 
English, French, German, Italian, and 
Bussian dealing with it. The beginner 
cannot have a better book ^o start with 
than the late Professor Langley's "Ex- 
periments in Aerodynamics" (2d edi- 
tion), published at Washington by the 
Smithsonian Institution. It is the 
classic work, not on flying-machines but 
on the mechanics of the atmospheric con- 
ditions concerned in flight. 

Ar .regards bird flight, Professor 
]l^^y% "Animal Mechanism" (Interna- 
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tional Science Series, Kegan Paul, Lon- 
don) is excellent, but doee not deal with 
the mathematical question. The articles 
"Aeronautics" and ''Flight" in the "En- 
cyclopajdia Britannica," Edition IX, are 
good, and there are some good illustra- 
tions in the "Harmsworth Encyclo- 
pedia" (article "Flight"). Herr Moe- 
debeck's "Pocket Book of Aeronautics" 
(Whittaker, London) contains much in- 
formation, and possibly my own "Prob- 
lem of Flight" (Griffin & Co., London) 
may prove of use. Mr. Lanchester^s re- 
cent volumes contain some very import- 
ant matter. 

As regards construction and design of 
frames, engines, etc., any of the text- 
books on "Applied Mechanics" (Perry, 
Goodman, or Cotterill) will be of service. 

Important original papers are: 

1. Lord Rayleigh, "The Mechanical 
Principles of Flight," Memoirs of the 
Manchester Lit. and Philosoph. Soc, 
1899. One shilling. 

2. Proceeding of the Aeronautical So- 
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ciety of Great Britain, published in the 
"Aeronautical Journal," quarterly. One 
shilling. 

3. Transactions of the Institute of 
Naval Architects (paper on Propellers, 
Besistance, etc.) and the Transactions 
of the Royal Meteorological Society 
(papers on Resistance of Air, etc.). 

4. Professor Langley, "The Internal 
Work of the Wind," Smithsonian Insti- 
tution, Washington. 

The next few years will doubtless see 
the adoption of aerial navigation among 
the regular means of locomotion, and its 
sociological effect cannot be predicted 
safely. There is no doubt by now that 
it has come to stay, and that it cannot be 
neglected by any man, and especially 
the engineer, who has an eye to the 
future. Many well known and learned 
scientists are now dealing with the sub- 
ject. To mention the names of Lord 
Bayleigh, perhaps the most brilliant 
mathematician living. Professor Hele- 
Shaw, Professor W. H. Dines, Professor 
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Bryan, Major Baden Powell, Colonel 
Templer, and Colonel Copper, will be 
sufficient to show that the constructor 
of a flying-machine need no longer be a 
'^crank/' 
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Quadrant and to five places of decimals. 8vo, 
cloth BK 



BONNEY, G. E. The Elect ro-platem' Handbook. 

A Manual for Amateurs and Young Students 
of Electro-metallurgy. ^0 illustrations. 12mo, 
cloth 01.20 

BOOTH, W. H. Water Softening and Treatment, 

Condensing Plant, Feed Pumps, and Heaters 
for Steam Users and Manufacturers. 8vo. 
cloth, illustrated net, 02.80 

Saperheaterg and Saperheatlns and Thefr 

Control. 8vo. cloth. Illustrated net. 01-BO 

BOTTCHER« A. Cranes ^ Their Constraetlon, Me- 
chanical Equipment and Working. Translated 
and Supplemented with English American and 
Continental Practice by A. Tolhausen. With 
560 Illustrations, 41 tables and 63 folding 
plates. 617 pp., 4to, cloth net. 010.00 

BOTTONEy 8. R. Mairnetos tor Automobiles. 

How Made and How Used. 34 illustrations. 
12mo, cloth. 88 pp net, 01.00 
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BOVRRY, R. Treatise on Cenunle ladiutrlea. 

A Complete Manual for Pottery. Tile and Brick 
Works. Translated from the. French by Wil- 
ton P. Hix. With 828 figures and illustrations. 
8vo, cloth, illustrated net, 98.50 

BOW, R. H. A Treatfac on Braelas. With Ita 

application to Bridges and other Structures of 
Wood or Iron. 156 Illus. 8vo, cloth 91.50 

BOWIES, AUG. J., Jr., M.E. A Practical t^reatUie 

on Hydraulic Mining in California. With De- 
scription of the URe and Construction of 
Ditches, Flumes. Wrought-iron Pipes and 
Dams; Flow of Water on Heavy Grades, and 
its Applicability, under High Pressure, to Min- 
ing. Ninth Edition. Small quarto, cloth. Il- 
lustrated 95.00 

BOWKEK, Wni. R. Dynamo, Motor and Switch- 
hoard Circuits. I'^ur Electrical .Engineers. A 
eractical book, dealing with the subject of 
>lrect, Alternating, and Polyphase Currents. 
With oyer 100 diagrams and engravings. Sec- 
ond Edition, revised and enlarged. 8yo, cloth.. 
net, ^iSo 

BOWSER. B. A^ Prof. An Elementaxr Tveatlac 

on Analytic Geometry. Embracing Plane Ge- 
ometry, and an Introduction to Geometry of 
three Dimensions. Twenty-first Edition. 18mo, 
. cloth : 91. T6 

■ Am IBlememtary Tvoatlso on the DUfevontlal 

and Integral Calculus. With numerous ex- 
amples. Twenty-first Edition. Enlarged by 
640 additional examples. 12mo, cloth ...92.25 

A n Elementary Treatiae on Analytic lleeh«m« 

ic8. With numerous examplea Twentieth Bdl- 
tion. 12mo, cloth 98 



-An Elementary Treatlae on Hydro-mechan- 



ics. With numerous examples. Fifth Edition. 
12mo. cloth 92 .80 

-A Treatlae on Roofs and Brldgoa. With 



Numerous Exercises, especially adapted for 
school use. 12mo, cloth. Illustrated, n«t» 92.26 

BOYCOTT, G. W. M. Compreaaed Air 'Woilc and 

Diving. A handbook for engineex^, comprising 
deep water diving and the use of compressed 
air for sinking caissons and cylinders and for 
driving subaqueous tunnels. Illustrated. 8vo, 
cloth, 188 pp net, 94,m 

BRAGG, BDWARD M. Marine IDnslna DaalsB. 

Illustrated. 12mo. cloth, 160 pp In Prws. 
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BRASSBT'S ITftYal Aaania for 1900. Bdtted ^ 

T. A« Brassey: With numerous fuU-paflre dia- 
^ams, half-tone illustrations and tables. 
Twenty-third year of publication. 8vo, cloth. 
Illustrated net, 08.00 

BMOBPr, CHAIULB8. The I^lfe Story of Sir 

Charles Tilson Brierht, Civil Bnerlneer. With 
which is incorporated "The Story of the At- 
lantic Cable" and "The First Tele^aph to In- 
dia and the Colonies.*' Revised and Abridged 
Edition. Illustrated. . 8vo, cloth, 490 pp. 
net. 



British Staadard Seetloas.. Issued by the Bb- 

fineerins: Standards Committee, Supported by 
he Institution of Civil Engineers, The Insti- 
tution of Mechanical Engrlneers, The Institu- 
tion of Naval Architects, The Iron and Steel 
Institute, and The Institution of Electrical 
Engineers. Comprising 9 plates of diagrrams, 
with letter-press and tables. Oblons pam- 
phlet, 8%xl5 01.00 

BROWlfy SIR HAIVBIJRTy K.C.H.O. Irrlffatloat 

Its Principles and Practice as a Branch of 
Encriheerinip. Svo, cloth, 801 pp.Illu8., net, fS.OO 



[. N. The Art of Baamellins om 

MetaL With flirures and illustrations. 12mo, 
cloth, illustrated net, 01*00 

— iHaadhook on JapannlBir and BnamcIUnvi for 

Cycles, Bedsteads, Tinware, etc. 12mo, cloth, 
illustrated net, 01.""^ 



-— Hovso DeeoratlBs and Falntlaff. With Nn-> 

merous illustrations. 12mo, cloth, net,01>CM> 



of Dceomttve Art. With DosAsnn 

and Illustrations. 12mo, cloth net, 01*28 

— -Prlnelple nnd PraeUee of Dipping, Bnndah- 

inff, LacQueringr and Bronzinar Brass Ware. 
12mo, cloth net, 01*00 

•M-*W«rfcsho9 Wrinkles for Deeomtorsy Falat- 

ers. Paper-Hangers and Othera 8vo, cloth. 
• ..........'•/ net 01.00 

BRYJCBf B. M^ Prof* Pore Food Testsi the De- 
tection of the Common Adulterants of Foods 
by Simple Qualitative Tests. A ready manual 
for Physicians, Health Officers, Food Inspect- 
ors, Cnemistry Teachers, and all especially 
Interested in the Inspection of Food. 12mo, 
oloth, illustrated ...•..• not* OIJM 
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BRUHHSfl Dr. New MunuU of Iiosattthaw to 

Seven places of Decimal*. Seventh Bdltlon. 
Bvo^ half morocco 92.80 

BRUNNERy R. Moanfactore of Lnbrleaata, Shoo 

Polishes and lieather Dressings. ContalnlniT 
instructions for the preparation of all kinds 
of lubricants, such as axle and machinery 
Kreases, oils for lubricating sewinar machines, 
and other working machinery, mineral lubri- 
cating oils, clockmakers* oils, as well as shoe 
Solishes, leather varnishes, dressings for all 
inds of leather and deerras. Translated from 
the Sixth (enlarged) German edition by Chas. 
Salter. 8vo, cloth, illustrated net, $8.00 

BITLMAN, H. P., and RBDMAYNB, R. 8. A. Col- 
liery working and Management ; comprising 
the duties of a colliery manasrer, the superin* 
tendence and arrangement of Tabor and wages, 
and the different systems of working coal- 
seams. With engravings, diagrams, and ta- 
bles. Second Edition, revised and enlarged. 
8vo, cloth. Illustrated net, f6.00 

BURGH, N. P. Modem Marine Eaglaoerlag« Ap- 

plied to Paddle and Screw Propulsion. Con- 
sisting of 86 colored plates, 269 practical 
woodcut illustrations and 40S pages of descrip- 
tive matter. The whole being an exposition 
of the present practice of James Watt & Co., 
J. & G. Rennie, R. Napier A Sons, and other 
celebrated Arms. Thick quarto, half morocco. 
f 10.00 

BURT, "W. A. Key to the Solar Comvass. aad 

Surveyor's Companion. Comprising all the 
rules necessary for use in the field; also de- 
scription of the Linear Surveys and Public 
•Ijand System of the United States, Notes on 
the Barometer, Suggestions for an Outfit for 
a Survey of Four Months, etc. Eighth Edition. 
Pocket size, full leather ...92. 



BU8KBTT, B. 1^. Fire Assaylagt a*PraetlcaI 

Treatise on the Fire Assaying of Gold, Silver, 
and Liead. including descriptions of the appli- 
ances used. 12mo, cloth, lUus., 106 pp., net, fLlB 



CAIlff Wm Prof. Brief Coarse In tkc Calool 

With figures and diagrams. 8vo, cloth. Illus- 
trated net, $1.'' 



of Ste^l-eoacrete Arehes and of 

Vaulted Structures. Fifth Edition, revised and 
enlarged. 16mq. cloth. Illustrated. (Van Nos- 
trand Science Series) , 90. 80 
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CAMPIN, F. On the Coii«traetl«m of Iroa Roote. 

A Theoretical and Practical Treatise, with 
woodcuts and plates of roofs recently execu- 
ted. 8vo. cloth $2.00 



CARPBNTER, Prof. R. C, and DIBDBBICH8« 

Prof. H. Internal Combustion Engines. With 
flffures and diasrrams. Svo, cloth, illustrated. 
net, 04.00 

CARTER, B. T. BIotiTe Power ond CScarlB« for 

Electrical Machinery. A treatise on the Theory 
and Practice of the Mechanical Equipment of 
Power Stations for Electrical Supply and for 
Electric Traction. Second Edition, revised in 
part by G. Thorn as -Davies. 8vo, cloth, illus- 
trated 05.00 

CATHCART, Wm. L.» Prof. Maehtne I>eslini. 

Part I. Fastenings. 8vo, cloth, illustrated. 
net, 93 .00 

Lo»» of Heat from Steam Pipes. Sro, ^lotli« 
Illustrated In 



id CHAFFEE, J. I. Course of Grapkle 

Statics Applied to Mechanical Enfirineerlner. 
8vo, cloth. lUus In Press. 

CAVEPr, R. BI.. and IiAPTDER, G. D. Systematle 

Inorgranic Chemistry from the Standpoint of 
the Periodic Law. A text-book for advanced 
students. 374 pp., illustrated, 12mo, cloth. 
net. 



CHABfBERS* MATHEMATICAL TABLES, eoa- 

sistinsT of Lo£:arlthms of Numbers 1 to 108,000. 
Trigonometrical, Nautical and other Tables. 
New Edition. 8vo, cloth 01.75 

CHARBTOCK, O. F. 'Workahlp Praetlco. Sro, 

cloth. (Van Nostrand's Westminster Series..) 
In Press. 

CHARPBNTIER, P. Timber.. A Conaprehenslve 

Study of Wood in all Its Aspects, Commercial 
and Botanical. Showing: the Different Appli- 
cations and Uses of Timber in Various Trades, 
etc. Translated into English. 8vo. cloth, 
illus K net, 06.00 



CHATliBY, H. Prladples aad DeaUraa of A4 

planes, with 6 foldiner plates. 12mo, cloth. Il- 
lustrated : . . .In Press 

CHILD, C. T. The How and Wby of Blectrtdty. 

A Book of Information for non-technical read- 
ers, treatingr of the Properties of Electricity, 
and how it is erenerated, handled, controlled, 
measured and set to work. Also explainlnir 
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the operation of Electrical Apparatus. 8vo. 
cloth, illustrated 91.00 

CHRISTIB, 1¥. 1¥. Boner-waters, Scale, Corro- 
sion, Foamlngr. 8vo, cloth, illustrated, net, fS.OO 

/hlnney DeslirB and Tlieor^. A Book for 

Bnj^ineers and Architects, with numerous half- 
tone illustrations and plates of famous chim- 
neys. Second Edition, revised. 8vo, cloth, 93.00 

-—Furnace Draft t Its Prodnction' by Mechanical 

Methods. A Handy Reference Book, with fig- 
ures and tables. 16mo. cloth, illustrated. (Van 
Nostrand's Science Series) 90 



CHURCH'S I.ABORATORY GUIDES s a Manual of 

Practical Chemistry for Collegres and Schools, 
specially arransred for Aerricultural Students. 
Eiigrhth Edition, revised and party rewritten 
by Edward Kinch, F.I.C. 8vo, cloth, illustrated. 
349 pp net, 99.50 

CliAPPBRTONy G. Practical Paper-maklniT. A 

Manual for Paper-makers and Owners and 
Managrers of Paper Mills, to which is appended 
useful tables calculations, data, etc.. with il- 
lustrations reproduced from micro-photo- 
graphs. Second Edition, revised and enlarged. 
8vo, cloth, illustrated, 226 pp net, 92. 



CliARK, C. H. Marine Gas Hnslnest Their Con- 
struction and Management In Press. 

D . K^ C. ES. A Maaval of Rnlca. Tables 

and Data for Mechanical Engineers. Based on 
the most recent Investigations. Illustrated 
with numerous diagrams. 1012 pages. 8vo, 
cloth. Sixth Edition 95.00 

I F neli Ita Combustion and Bconomyi consist- 
ing of abridgments of Treatise on the Com- 
bustion of Coal. By C. w. Williams, and the 
Economy of Fuel, by T. S. Prideaux. With ex- 
tensive additions in recent practice In the 
Combustion and Economy of Fuel, Coal, Coke, 
Wood, Peat, Petroleum, etc. Fourth Edition. 
12mo, cloth 91.50 



Mechanical Bnglneer'a Pocket-book of 

Tables, Formulae, Rules and Data A Handy 
Book of Reference for Daily Use In Engineer- 
ing Practice. 12mo. cloth. Sixth Edition, 
carefully resised throughout 92.00 



It Their Constmctlon and Working. 

Embracing a comprehensive history of the 
system, with accounts of the various modes of 
traction, a description of the varieties of roll- 
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Ing stock, and ample details of Cost and 
Working Expenses. Second Edition, rewritten 
and rreatly enlarsred. with upwards of 400 il- 
lustrations. . Thick 8vo. cloth #7.00 

J « M. New System of iJiytas Oat Railway 

Turnouts Instantly, by inspection from tables. 
12mo. cloth 91.00 

CliAUSBN-THITE, ^W. The ABO UalTenal 

Commercial Electric Telesraphio Code; spe- 
cially adapted for the use of Financiers, Mer- 
chants, Snip-owners, Brokers, Agents, etc 

Fourth Edition. 8vo. cloth $5.00 

Fifth Edition of same 9T.00 



A 1 VnlTemal Commercial BUeetrie Tele- 

arraphic Code. Over 1240 pages and nearly 
90,0()0 variations. 8vo, cloth 97 . r 



CliBBMAlfN, T. BL The Railroad Bastneer** 

Practice. Being a Short but Complete De- 
scription of the Duties of the Young Engineer 
in Preliminary and Location Surveys and in 
Construction. Fourth Edition, revised and 
enlarged. Illustrated. 12mo, c^oth ....91.80 

CLEVBNGBR, S. R. A Treatise on the Method 

of Government Surveying as prescribed by the 
U. 8. Congress and Commissioner of the Gen- 
eral Land Office, with complete Mathematical. 
Astronomical, and Practical Instructions for 
the use of the United States Surveyors In the 
field. 16mo. morooco ....92. SO 

CLOUTHi F. Rubber* Gntta-Pereha, and Balata. 

First English Translation with Additions and 
Emendations by the Author. With numerous 
figures, tables, diagrams, and folding plates. 
8vo, cloth, illustrated net, 95. .00 

COFFIN, J. H. C Prof. Navigation and Nantleal 

Astronomy. Prepared for the use of the tJ. 8. 
Naval Academy. New Edition. Revised by 
Commander Charles Belknap. 62 woodcut Il- 
lustrations. 12mo, cloth net, 98.80 

COLBL R. 8.9 MJk, A Treatise oa Ph«tographle 

Optics. Being an account of the Principles of 
Optics, so far as they apply to photography. 
12mo, cloth, 108 lllus. and folding plates, 9Z.B0 

COIiBS-FINCH, W. "Water, Its Orflgte and I7sa. 

' X 640 P] 
net. 98.1 



Elaborately Illustrated. 8vo, cloth, 640 pp. 



COLLINSf J. EU The Private Book of Useful 

Alloys and Memoranda for Goldsmiths, Jewel- 
on, oto. ISmo, oloth .•••.•• ••••99.iO 
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B. The Stesfli TvrlitBei or the ITew Bla- 
Sine, Svo, cloth, illustrated In Press. 



COIjTIlf, FRBD H. Ajnerlesn Cempmmd 

motives. 8vo, cloth fl.BQ 

i M €>tlon% lilnke. ValTee amd Valve Settiav. 

Pocket size fO.SO 

-Pocketbook* The Railroad. A «iilek refer- 

ence Cyclopedia of Railroad information. fl.OO 



'ayers, Taralas aad Borlaff. Pamphlet. iO.25 




— »»d CHBlfBT. W. li. ArttkmetlCf Maehlae 

Shop. 4th ed. Pocket size fO.SO 

-ArlthmetlCy SSnalaeem. Pocket Book eoa- 



talninfiT the foundiELtion principles Involved in 
makingr such calculations as come into the 
practical work of the Stationary Bnsln- 
eer. ; fO.SO 

ind STABBIi. Thread* and Thread OoMlncw 

Pamphlet fO. 



COMPTOITy Prof. A. O. Bnirliia Iiathea. ^«a- 

trated. 8vo, cloth In 



COOPBR, W. R^ M.A. Primary Batterleai Their 

Construction and Use. With numerous flffures 
and diagrams. 8vo, cloth, illustrated, net, M^OO 



SSlectrldaB'' Prlmerei belair a series of 

lielpful Primers on Electrical Subjects for the 
use of Students. Pupils, Artisans, and General 
Readers. Three volumes complete in one. 
Thick 8vo, cloth, illustrated 95.00 

CO PPUKTH WAITB, ^ITm. C. Tannel Shields, aad 

the Use of Compressed Air in Subaqueous 
Works. With numerous diagrams and figures. 
4to, cloth, illustrated net, 90.00 

OORSnr, B. T. 'Water Svvply Basiaeerlas. Il- 
lustrated. In Press. 

CORNWAIili, H. B.» Prof. Manual of Blow-pipe 

Analysis, Qualitative and Quantitative. With 
a Complete System of Determinative Mineral- 
ogy. 8vo, cloth, with many illustrations, 92.60 

COWEIilj, "W. B. Pore Air, Oaoae aad Water. A 

Practical Treatise of their Utilization and 
Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. With tables and figures. 
12mo, cloth, illustrated net, 92.00 



CRANB, W* B. BagUiconBg, Amoiteaa Statlta* 

anr* Sto, oioth •••••••• •92*00 
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CROCKER, F. B*f Prof. BlecCrle LlsktlBS. A 

Practical Exposition of the Art. For use of 
Bngrineers, Students, and others interested In 
the Installation or Operation of Electrical 
Plants. Vol. I. The Generating Plant New 
Edition, thorottffhly revised and rewritten. 

8vo. cloth, illustrated $8.00 

VoL II. Distributing^ Systems and Lamps. 
Fifth Edition. 8vo, cloth, illustrated ..fS.OO 

CROCHJSR* F. m^ mmd ARBH DT» M. Blectrle Mo- 
tors, Their Action, Control and Application. 
Illustrated. 8vo, cloth In Press. 

-and IVIIBBLBRy S. S. The Manairememt 



of Electrical Machinery. Being a thoroujphly 
revised and rewritten edition of the authors* 
"Practical Manacrement of Dynamos and Mo- 
tora" 12mo, cloth, illustrated net, 91.00 



CROSS, C. F., BBVAN, B. J., aB4 SUf DAI^L* R. 1^. 

Wood Pulp and Its Applicationa 8vo, cloth. 
(Van Nostrand's Westminster Series) . In Press. 



CBOSSKKY, li. R. Blemeatary Penpectlvet 

ranged to meet the requirements of Architects 
and Draughtsmen, and of Art Students pre- 
paring for the elementary examination of the 
Science and Art Department, South Kensing- 
ton. With numerous full-page plates and dia- 
grams. 8vo. cloth, illustrated $1.00 

' amd THAW. J, A4Tiiaeed PerspeeUve. Im^ 

volving the Drawing of Objects when placed 
in Oblique Positions, Shadows and Reflections. 
Arranged to meet the requirements of Archi- 
tects. Draughtsmen* and Students preparing 
for the Perspective Examination of the Educa- 
tion Department. With numerous full-page 
plates and diagrams. 8vo, cloth, illua 91.60 

DALBY, H. A. Train Rules and DespatelKlng. 

Leather. Pocket alze 91.60 



DATRNPORT, C. I^c Book. Its History and 

Development 868 pp. Illustrated. 8vo, doth. 
net. 99.00 

DAVIESv E. H. Machinery for MetaUlferovii 

Mines. A Practical Treatise for Mining En- 
gineers, Metallurgists and Managers of Mines. 
With upwards of 400 illustrations. Second 
Edition, rewritten and enlarged. 8vo, cloth. 
net, 98.00 

D. C. A Treatise on Metalliferous NlneraLi 

and Mining. Sixth Edition, thoroughly revised 
and much enlarged by his son. 8vo, cloth. 
net, 98.00 
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F « H. Bleetrle Power and TraetloBu 188 pp. 

8vo. cloth net. f24>0 

DAT, C. The Indicator and Its Dlasnima. 'With 

ChaDters on Enerine and Boiler Testlnflr; in- 
cludlngr a Table of Piston Constants compiled 
by W. H. Fowler. 12mo, cloth. 125 illustra- 
tions 92.00 

DEITE, Dr. C. Maiiaal of 8oapmafclBir» laelnd- 

iniT medicated soaps, stain-removingr soaps, 
metal pollshinar soaps, soap powders and de- 
tersrents. Witn a treatise on perfumes for 
scented soaps, and their production and tests 
for purity and strenprth. Edited from the text 
of numerous experts. Translated from the 
original by a I. King, F.C.S. 4to, cloth, il- 
lustrated net. $5.00 

DE liA COUX, H. The Industrial Usea of Water. 

With numerous tables, figures, and diagrams. 
Translated from the French and revised by 
Arthur Morris. 8vo, cloth net, 94.50 

DEIi BfARy 1¥. A. Bleetrle Power Condnetora. 

69 illustrations. 8vo, cloth, 330 pp.. net, 92.00 

DENNTy G. A. Deep-level Mines of the Rand, 

and their future development, considered from 
the commercial point of view. With folding 
plates, diagrams, and tables. 4to. cloth, il- 
lustrated net, 910.00 

DBRR, W. Jj. Block Signal Operation. A Pme* 

tical Manual. Pocket Size. Oblong, clpth. 
New Edition, rewritten and greatly enlarged. 
91. SO 

DIBDIN, M\ J. Public Lighting by Gas and 

Electricity. With tables, diagrams, engravings 
and full-page plates. 8vo. cloth, illustrated. 
net, 98.00 

— Pnrlllcatlon of Sewage and Water. With 

tables, engravings, and folding plates. Third 
Edition, revised and enlarged. 8vo, cloth. 11- 
lus. and numerous folding plates 90.50 

DIETERICH, K. AnalyMin of Resins, Balaams, 

and Gum Heslns: their Chemistry and Pharma- 
cognosis. For the use of* the Scientific and 
Technical Research Chemist. With a Bibliog- 
raphy. Translated from the German, by Chas. 
Salter. 8vo, cloth net. 93.00 

DINGER, H. C, lilent., U.S.BT. Handbook for the 

Care and Operation of Naval Machinery. 12mo, 
cloth, illustrated net, 93*00 

DIXON, D. B. The Machinist's and Steam En- 
gineer's Practical Calculator. A Compilation 
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of Useful Rules and Problems arithx|ietlcaXly 
solved, togrether with General Information ap- 
pUcablo to Shop-tools, Mlll-|reariner> Pulleys 
and Shafts, Steam-boilers and Engines. Em- 
braclngr valuable Tables and Instructions in 
Screw-cuttingr, Valve and Link Motion, etc 
Fourth Edition. l$mo, full morocco, pocket 
form $1.25 

DOBLE, W. A. Power Plant Constmctlon on the 

Paciflc Coast In Press. 

DODD. Geo. Dletlonary of ]IIanufactiire«, Mtn- 

In^, Machinery, and the Industrial Arts. 12mo. 
cloth $1.60 

DORR, B. F. The Surveyor's Guide and Pocket 

Table-book. Fifth Edition, thorougrhly revised 
and erreatly extended. With a second appendix 
up to date. 16mo, morocco flaps $2.00 

DRAPER, C. H. An Elementary Text-hook of 

Lilerht, Heat and Sound, with Numerous Ex- 
amples. Fourth Edition. 12mo, cloth, illus- 
trated $1.00 

H eat and the Prtnelplea of Thermo-dynam- 

Ics. With many illustrations and numerical 
examples. 12mo, cloth $1.00 

DUCKWALL, B. IV. Cannlnc and Preserving of 

Food Products with Bacteriolofirical Technique. 
A practical and sclentiflc handbook for Manu- 
facturers of Food Products, Bacterioloslsts, 
chemists, and Students of Food Problems. 
Also for Processors and Managers of Food 
Product Manufactories. With figures, tables, 
and half-tones. 8vo, cloth, illustrated. 
net, $5.00 

DtTTHIE, A. Li. Decorative Glara Processes. 38 

illustrations, 8vo, cloth. 279 pp. (Van Nos- 
trand's Westminster Series.) net, $2.00 

DYSON, 8. S. Practical Testlna: of Raw Mater- 
ials. A Concise Handbook for Manufacturers, 
Merchants, and Users of Chemicals, Oils, Fuels, 
Gas Residuals and By-Products. and Paper- 
making Materials, with Chapters on Water 
Analysis and the Testing: of Trade Effluents. 
8vo, cloth, illustrations, 177 paeres, net, $5.00 

ECCLES, R. G. (Dr.), and DVCKWALL, B. IV. 

Food Preservatives: their Advantages and 
Proper Use; The Practical versus the Theo- 
retical Side of the Pure Food Problem. 8vo, 

paper . : $0.S0 

Cloth $1.00 
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EDDY, H. *r.. Prof. R«ae«rclie« tn Gnphteal 

Statics. Bmbraclns New ConatructionB in 
Graphical Statics, a New General Method in 
Graphical Statics, and the Theory of Internal 
Stress in Graphical Statics. 8vo, cloth, $1.60 

MaKlmnm Stresses - under Coneentmted 

Loads. Treated grraphlcally. Illustrated. 8vo, 
cloth .$1.60 

BDGCUMBB^ K. Indastrial EUeetrieal Measvr- 

ins Instruments. 126 Illustrations. 247 pp., 
8vo, cloth • net, (aJKO 

BISSLBR, M. The Metallurn of Gold. A Prac- 
tical Treatise on the Metal lurgrical Treatment 
of Gold-bearins Ores, includinfr the Processes 
of Concentration and Chlorination, and the As- 
saying, Melting- and Reflnins of Gold. Fifth 
Edition, revised and greatly enlarged. Over 
300 illustrations and numerous folding plates. 
8vo, cloth $7.60 

?he Hydro-Metallnrgy of Copper. Being an 

Account of processes adopted in the Hydro- 
metallurgical Treatment of Cupriferous Ores, 
including the Manufacture of Copper Vittiol. 
With chapters on the sources of supply of 
Copper and the Roasting of Copper Ores, with 
numerous diagrams and figures. 8vo, cloth, 
illustrated net, $4. 



MetaUvrgy of Silver. A Praetlcal 

Treatise on the Amalgamation. Roasting and 
Lixiviatlon of Silver Ores, including the As- 
saying. Melting and Refining of Silver Bullion. 
Illustrated. Second Edition, enlarged. 8vo, 
cloth $4.00 

The Metallurgy of Argeatlferova Ijead. A 

Practical Treatise on the Smelting of Silver- 
Lead Ores and the Refining of Lead Bullion. 
Including Reports on Various Smelting Estab- 
lishments and Descriptions of Modern Smelt- 
ing Furnaces and Plants in Europe and Amer- 
ica. Illustrated. 8vo, cloth $6.00 

Cyanide Process for the Bxtmetlon of Gold 

and its Practical Application on the Witwat- 
ersrand Gojd Fields in South Africa. Third 
Edition, revised and enlarged. Illustrations 
and folding plates. 8vo, cloth $S.OO 

A Handbook on Modem Explosives. Being a 

Practical Treatise on the Manufacture and Use 
of Dynamite, Gun-cotton, Nitroglycerine, and 
other Explosive Compounds, including the 
manufacture of Collodion-cotton, with chap- 
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ters on Explosives in Practical Application. 
Second Edition, enlarged with 150 illuatrations. 
12mo, cloth , 96.00 

EKIN, T. C. Water Pipe «ad Sewage Dlackarcre 

Diagrams. 5 largre folding plates. Folio, cloth, 
24 pp net, $3.00 

BLIOT, C. W., and 8TORER, F. H. A Compen- 

dious Manual of Qualitative Chemical Analy- 
sis. Revised with the co-onoratlon of the au- 
thors, by Prof. William U. Nichols. Illustrated. 
Twentieth Edition, newly revised by Prof. W. 
B. Lindsay. 12mo, cloth .....net, 91.26 

BLiIilOTy G. H.f MaJ. Kuropean Llffht-hoiuie 

Systems. Beingr a Report of a Tour of Inspec- 
tion made in 1873. 51 en pavings and 21 
woodcuts. 8vo, cloth 96*00 

E:NGSTR0BI» D. a. Tables, Bevel Gear. A col- 
lection of Tables to enable anyone to figrure 
bevel gears without the use of Trigonometry. 
Cloth 91.00 

BNNIS. ' 'WM. D., Prof. (Polyteehnle Inatltvte 

Brooklyn). Linseed Oil and Otner Seed Oils. 
An Industrial Manual. 8vo, clotli, illustrated. 
net, 94.00 

Applied Thennodynaittlea. SvOy elotkf Ulu- 



trated In Press. 

BRFURT, J. Dyeing of Paper Palp. A Practical 

Treatise for the use of paper-makers, paper- 
stainers, students and others. With illustra- 
tions and 167 patterns of paper dyed in the 
pulp, with formulas for each. Translated into 
English and edited, with additions, by Julius 
Hubner, F.C.S. 8vo, cloth, illustrated, net, 97.60 

BRSKIXB-MURRAY. JAMBS. A Handbook of 

Wireless Telegraphy: Its Theory and Practice. 
For the use of Electrical Engineers, Students, 
and Operators. Second Edition, Revised and 
Enlarged. 8vo, cloth. Illustrated. .. .net, 98JB0 

BVANS, C. A. Macadamised Roadsf Tbeir Gob- 

struction and Maintenance net, 92-00 

BWING, A. J.. Prof. The Magnetic Indnctlon la 

Iron and other metals. Third Edition, revised. 
159 Illustrations. 8vo. cloth 94.00 

FAIRIB, J.. F.G.S. Notes on Lead Oresi Tbelr 

Distribution and Properties. 12mo, cloth, 91.00 

—Notes on Pottery Clays i The Distribution, 

Properties, Uses and Analysis of Ball Clays, 
China Clays and China Stone. With tables 
and formulae. 12mo, cloth 9i'60 
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FANNING, J. T. A Practical TreatUe on Hy- 
draulic and Water-supply Engineering, lle- 
lating: to the Hydrology, Hydro-dynamics and 
Practical Construction of Water-works In 
North America. 180 illus. 8vo, cloth. Six- 
teenth Edition, revised, enlarged, and new 
tables and illustrations added. 650 pp, $6.00 



• 



FAUTH, P. The WUnm te M«4en AatvmMi 

A summary of twenty years selenQgraphic 
work and a study of recent problems. Trans- 
lated by Joseph MeCabe, with an introduction 
by J. E. Qore. 66 illustrations. 8yo, cloth. 

160 pp net, 99.00 

• 

FAY, I. TV., Prof. (Polyteekale laat. Brooklyn), 

The Coal-tar Colors* Their Origin and Chem- 
istry. 8vo, cloth, illustrated In Press. 

FBRNBACH, R. L. Glue and Gelatine | a Prae- 

tlcal Treatise on the Methods of Testing and 
Use. 8vo, cloth net. $S.OO 

FISH, J. C. L. Letterins^ of Working DrawlngM, 

Thirteen plates, with descriptive text. Oblong, 
9xl2H» boards 91.00 

FISHER, H, K. C, and DARBY, W. C. Stndenta* 

Guide to Submarine Cable Testing. Third 
(new and enlarged) Edition. 8vo, cloth,- illus- 
trated : 9S.50 

' H V. C. The Potentiometer and itm adjnncta. 

8vo. cloth 92.25 

FISKE:, B. a., Llent., U.S.N. Bleetrlclty In The- 
ory and Practice; or, The Elements of Electri- 
cal Engineering. Eighth Edition. 8vo, cloth. 
92.60 

FLBISCHMANN, tV. The Book of the Dairy. A 

Manual of the Science and Practice of Dairy 
Work. Translated from the German, by C. 
M. Alkman and R. Patrick Wright. 8vo. cloth 
94.00 

FLEMING, J. A., Prof. The Altemate-cnxrent 

Transformer in Theory and Practice. Vol. I., 
The Induction of Electric Currents; 611 pages. 
New Edition, illustrated. 8vo. cloth. 95.00 
Vol. II., The Utilization of Induced Currents. 
Illustrated. 8vo, cloth 95.00 

Centenary of the Blectrlcal Cnrrent, 1700- 

1899. Svo, paper, illustrated 90.60 

E lectric Liamps and EHectrie Lighting. Be- 
ing a course of four lectures delivered at' the 
Royal Institution, April-May. 1894. 8vo, cloth, 
fully illustrated 9S.00 
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GIBBS, W. K. Uffktlu by Aeetyl^ne, Generat- 
ors, Burners and Electric Furnaces. With 
66 illustrations. Second Edition, revised. 12inu. 
cloth f 1.50 

P hywio of Solids and Fluids. (Cameffle 

Technical School's Text Books.) In Press. 

GIBSON, A. H. Ilydraollea omd Its Applleatlon. 

310 illustrations. 8vo, cloth, 757 pp.. net, $6.00 

— -\%'ater Hammer In Hydranllc Pipe Lines. Il- 
lustrated. 12mo, cloth, 65 pp net, 92.00 

iaLLMORIi:, a- A.! Gen. TrcntiNo on I^tmeN. liy- 

flraullc Cemonts and Mortars. Paper.s on Prac- 
tical F2ng"I nee ring". Ignited States Engineer De- 
partment, No. D, containing Reports of numer- 
ous Kxperiment« condintod in New York City 
during the years lSr>S to 1861, inclusive. With 
numerous illustrations. 8vo. cloth 94.00 

— — -Prnoflcal TrratiMe on the Construction of 

Itoads, Streets and Pavements. Tenth Edi- 
tion. With 70 illustrations. 12mo, cloth, $2.00 

GObDIA'C;, H. A. The Tliettt-Phl Diaffrani. Prac- 
tically Applied to Steam, Gas, Oil and Air En- 
gines. Se<ond Edition, revised and enlarged. 
12mo, cloth, Illustrated net. 91.25 

GOODCHIM). M\ Precious Stones. With* a 

. r'hapter on Artificial Stones, by Robert Dykes. 
309 pp., 8vo, cloth 92.00 

GOODEVK/T. M. A Text-book on the Steam- 
engine. With a Supplement on Gas-ensrines. 
Twelfth Edition, enlarjared. 143 Illustrations. 
12mo, cloth 92.00 

GORE. €■.. F.U.S. The Art of Electrolytic Sep- 

aration of Metals, etc. (Theoretical and Prac- 
tical.) Illustrated. 8vo, cloth 93. ."iO 

GOriiD, E. S. The Arithmetic of the Steam- 

engine. 8vo, cloth .., 91.00 

——Practical Hydrostatics and Hydrostatic For- 
mulas. With numerous figures and diagrams. 
(Van Nostrand's Science Series.) 16mo, cloth, 
illustrated, 114 pp 90.110 

GRA1\'T, J. Brewing and Distilling. 8vo, cloth. 

(Van Nostrand's Westminster Series.) .In Press. 

GBAY, J., B.Sc. Blectrlcnl Influence Machines i 

Their Historical Development, and Modern 
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Forma, with instructions (or making them. 
With numerous figures and diagrams. Second 
Edition, revised and enlarged. 12 mo, cloth, 
illus., 296 pp 92.00 

GRBBNWOOD, B. Clasiiilled Guide to Techaleal 

and Commercial Books. Subject List ot Prin- 
cipal British and American Works in print. 
8vo, cloth net, $S.0O 

GRIFFITHS, A. B., Ph.D. A Treatise on Man- 
ures, or the Philosophy of Manuring. A Prac- 
tical Handbook tor the Agriculturist, Manu- 
facturer, and Student. 12mo, cloth ....$3.00 

Dcatal Metallurgy. A Manual for Students 

and Dentibts. 8vo. cloth. Illustrated, 208 pp. 
net, 98.50 

GROSS, E. Hops, In their Botanical, Agricultur- 
al and Technical Aspect, and as an article of 
Commerce. Translated from the German by 
Charles Salter. With tables, diagrams, and 
illustrations. 8vo, cloth, illustrated, net. 94. SO 

GRdSSMAN. J. Ammonia, and Its Compounds. 

With tables and figures. 12mo, cloth, illus- 
trated net, 91 . 35 

GROTH, L. A. Welding aad Cutting Metals by 

Aid of Gases or Electricity. 124 illustrations. 
8vo, cloth, 280 pp net, 9S.00 

GROVER, F. Practical Treatise on Modern Gas 

and Oil Engines. 8vo, cloth, • illustrated. 
net, 92.00 

GRUNER, A. Power-loom Weaving and Yam 

Numbering, according to various systems, with 
conversion tables. An auxiliary and text-book 
for pupils of weaving schools, as well as for 
self-instruction, and for general use by those 
engaged in the weaving industry. Illustrated 
with colored diagrams. Svo, cloth, net, 98.00 

GULDNER (VON) HUGO, The Design and Con- 
struction of Internal Combustion Engines. 
Translated and revised by Prof. H. Dieder- 
ichs and F. E. Junge. 8vo, cloth, 800 pp. Il- 
lustrated In Press. 

GVNTHER, C. O^ Prof. Integration by Trigono- 
metric and Imaginary Substitution. With an 
Introduction by J. Burkitt Webb. 12mo, cloth, 
illustrated net, $1.26 

GURDE3N, R. L. Traverse Tables: Computed to 

Four places, Decimals for every single minute 



26 0. VAN NOSTRAND COMPANY'S 



of angrle up to 100 of Distance. For the use 
of Surveyors and Bnglneers. New Bdltion. 
Folio, half luorocco .., 97.60 

GlXYa A. B* Bxperlmenta 4m the Flexure of 

Beams, resulting in the Discovery of New 
Laws of Failure by Bucklingr. Reprinted from 
the "American Machinist."- With diagrrams 
and foldlner plates. 8vo, cloth, illustrated, 122 
paeres net, 91.25 

HAEDER, Hm CE. A Handbook oa the Steam- 

engrine. With especial reference to small and 
medium-sized engrines. For the use of Engrine* 
makers, Mechanical Draughtsmen, Engineer- 
ing Students and Users of Steam Power. 
Translated from the German, with considera- 
ble additions and alterations, by H. H. P. 
Powles. Third Engrlish Edition, revised. 8vo. 
cloth. Illustrated, 458 pagres 93.00 

RAINBACH, R. Pottery Decoration. A deacrfp- 

tion of all processes for decoratingr pottery and 
porcelain. Translated by C. Slater. 22 illus- 
trations. 12 mo, cloth net, 98.00 

HALE, Prof. ^V. J. (Univ. of Mich.) Calenlatlons 

of General Chemistry, with Definitions, Ex* 
planations, and Problems. 174 pp. 12mo, cloth. 
net, 91»00 

HAt.!.. C. H; Chemistry of Paints and Paint 

Vehicles. 8vo, cloth net, 92.00 

W . S^ Prof. Elements of the Differential 

and Integrral Calculus. Sixth Edition, revised. 
8vo, cloth, illustrated net, 92 .26 

W. 8. Descriptive Geometry, with Numerous 

Problems and Practical Applications. Com- 
prisingr an 8vo volume of 76 pagres of text and 
a 4to atlas of 21 plates. 2 vols., cloth, net, 93.50 

HALLER, G. F., and CUNNINGHAM, E. T. The 

Tesla Coil, Its Construction and Uses. In Press. 

HALSEY, F. A. Slide-valve Gears. An Expla- 
nation of the Action and Construction of Plain 
and Cut-ofF Slide Valves. Illustrated. Seventh 
Edition. 12mo, cloth 91.50 

-^— The Use of the Slide Rule. 'With lllnatratlona- 

and folding: plates. Fourth Edition, revised 
and enlargred. 16mo. boards. (Van Nostrand's 
Science Series. No. 114) 90.50 



^ Locomotive Link Motion, with Dlavmms 

and Table*. Iyo, oloth, illuttratod 91*90 
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Worm and Spfml Gearlnff. ReTlsed and 

Kncrlarg^ed Edition. 16mo, cloth (Van Nos- 
trand'8 Science Series, No. 116.) Illustrated. 
90.00 

HAMILTON, W. G. Useful. laformatlon for Rail- 
way Men. Tenth Edition, revised and en- 
larged. 562 pages, pocket form. Cloth ...fl.OO 

HAMBIBR, W\ J. Radlnm, aad Other Radio- 

active Substances; Polonium, Actinium and 
Thorium. With a consideration of Phosphor- 
escent and Fluorescent Substances, the Prop- 
erties and Applications of Selenium, and tne 
treatment of disease by the Ultra- Violet Light. 
Second Edition. With engravings and pho- 
tographic plates. 8vo, cloth, illustrated. 72 
pp '. 91.00 

HANCOCKvtH. Text-book of Mechanics and Hy- 

drostatips, with over 500 diagrams. 8vo, cloth. 
net, 91'B0 

IIARDT» E. Elementary Principles of Graphic 

Statics. Containing 192 diagrams. 8vo, cioth, 
illustrated net, 91. BO 

HARPER, W. B. UtlllBatlon of Wood Waste by 

Distillation. A general consideration of the 
industry of wood distilling, including a de- 
scription of the apparatus used and the prin- 
ciples involved, also methods of chemical con- 
trol and disposal of the products. With 74 
engravings. Illustrated. 157 pp., 4to, cloth. 
net, 98.00 

HARRISONt IV. B. The Mechanics' Tool-book. 

With Practical Rules and Suggestions for use 
of Machinists, Iron-workers and others. With 
44 engravings. 12mo, cloth 91. BO 

HART, J* W. External Plnmblng Work. A 

Treatise on Lead Work for Roofs. With num- 
erous figures and diagrams. 8vo, cloth, il- 
lustrated. net, 98.00 

H ints to Plumbers on Joint 'Wiping, Pipe 

Bending, and Lead Burning. Containing 184 
figures and diagrams. 8vo, cloth, illustrated. 
net, 98.00 



-——Principles of Hot-water Supply. With 

erous illustrations. 8vo, cloth net. 98.00 

Sanitary Plnmblng and Drainage^ With 

numerous diagrams and figures. 8vo, cloth, 
illustrated net, 98.00 

HASKIXS, C. H. T|»e Galvanometer and Its 

Uses. A Manual for Electricians and Students. 
Fourth Edition. 12mo, cloth 91.1 
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HATTf J. A. H. The Coloiiiit. DeafffBed to cor- 
rect the commonly held theory that red, yel- 
low and blue are the primary colors, and to 
supply the much-needed easy method of deter- 
mining color harmony; together with a system 
of color nomenclature and other practical In- 
formation for artists and workers or designers 
in colors. 2 color plates. 95 pp., square 12mo, 
cloth net, |1.60 

HAUSBRAND, £. Drylnsr by Means of Air and 

Steam. With explanations, formulas, and ta- 
bles, for use in practice. Translated from the 
German by A. C. Wrigrht, M.A. 12mo, cloth. 
Illustrated net, 92.00 

Evaporating, Condensing and CooUnar Appa- 
ratus: Explanations, Formulae, and TsldIcs for 
Use in Practice. Translated from the Second 
Revised German Edition by A. C. Wrigrht, M.A. 
With numerous flgrures, tables and diagrams. 
8vo, cloth, illustrated, 400 pages ....net, 95.1NI 

HAUSNER, A. Manvfactnre of Preserved Foods 

and Sweetmeats. A Handbook of all the Pro- 
cesses for the Preservation of Flesh. Fruit, 
and Vesretables, and for the Preparation of 
Dried Fruit, Dried Vegetables. Marmalades. 
Fruit-syrups, and Fermented Beverages, and 
of all kinds of Candies, Candied Fruit, Sweet- 
meats, Rocks, Drops. Dragees. Pralines, etc. 
Translated from the Third Enlargred German. 
Edition, by Arthur Morris and Herbert Rob- 
son. B.Sc. 8vo, cloth, illustrated net, $3.00 

HAIVKE, W. H. The Premier Cipher Telegrapb- 

ic Code, containing 100,000 Words and Phrases. 
The most complete and most useful general 
code yet published. 4to, cloth 95.00 

1 00,000 Words Supplement to the Premier 

Code. All the words are selected from the of- 
ficial vocabulary. Oblong quarto, cloth, 95.00 
HAWKBSWOKTH, J. Graphical Handbook for 

Reinforced Concrete Design. A series of plates, 
showing graphically, by means of plotted 
curves, the required design for slabs, oeams, 
and columns under various conditions of ex- 
ternal loading, together with practical exam- 
ples showing the method of using each plate. 
4to, cloth net, 92.60 

HAY, A. Alternating Currents | Their Theory, 

Generation, and Transformation. 8vo, cloth, 
illustrated net, 92 .60 

Principles of Alternate^cvrrent Working. 

12mo, cloth, illustrated 92.00 

• 
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rent Engrineerlner. With 188 figures and dia- 
arrams. Illustrated. 827 pp. 8vo, cloth. 
^ net. 92JS0 

HBAP, D. P., Major, U.S.A. Blectrlcal Applinacea 

of the Present Day. Report of the Paris Elec- 
trical Exposition of 1881. 250 illustrations. 
8vo, cloth f2.00 

HBAVISIDB, O. Electromaffoetle Theory. 8to, 

cloth, two volumes each, 95.00 

RSSCK, R. C. H. Steam-Bnsiiie and Other Steam 

Motors. A text-book for engrineerln^ col- 
legres and a treatise for engineers. vol I. 
The Thermodynamics and the Mechanics of the 
Engine. With numerous tlgures, diagrams, 
ana tables. 8vo, cloth. Illustrated, net, $S.60 
Vol. II. Form. Construction, and Working of 
the Engine: The Steam Turbine. 8vo, cloth, 
illustrated net, 95.00 

•Abridged edftfon of above volumes <S9emen- 



tary). 8vo, cloth In Press. 

HBDGBSf K* Modem Lighting Conductora. An 

Illustrated Supplement* to tne Report of the 
Lightning Research Committee or 1905, with 
Notes as to Methods of Protection and Speci- 
fications. With tlgures, half-tones, and fold- 
ing tables. 8vo, cloth, illustrated, net, 9S.00 

HEBRMANNt P. Dyers' Materials. An latrodvc- 

tlon to the Examination, Valuation, and Ap- 
plication of the most important substances 
used in Dyeing, Printing, Bleaching and Fin- 
ishing. Translated by Arthur C. Wright, M.A 
12mo, cloth. Illustrated net, 92.60 

HBNRICIy O. Skeleton Strncturesy Applied to 

the Building of Steel and Iron Bridges. 8vo. 
cloth, Illustrated ^ 91. SO 

HERl^ANN, F. Painting on Glass and Porcelain 

and Enamel -Painting. On the basis of Per- 
sonal Practical Experience of. the Condition 
of the Art up to date. Translated by Charles 
Salter. Second greatly enlarged edition. 8vo, 
cloth, illustrated net. 93.50 

HERRMANN, G. The Graphical Statics of 

Mechanism.. A Guide for the Use of Machin- 
ists, Architects and Engineers; and also a 
Text-book for Technical Schools. Translated 
and annbtated by A. P. Smith, M.E. Fourth 
Edition. 12mo, cloth, 7 folding plates, 92.00 

BBRZFELD. J., Dr. The Technical Testing of 

Tarns ana Textile Fabrics, with reference to 
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ored plates and 72 'illustrations. 8vo, doth. 
net. $2 . M 

Dictionary of Chemicals and RaTv Prodvcta 

Used in the Manufacture of Paints, Colors, 
Varnishes and Allied Preparations. 8vo, doth. 
....net. 9S.00 

Lnbricatlng OUs, Fatn and Greases t Tkoir 

Orisrin, Preparation, Properties, Uses and 
Analysis. S18 pages, with 66 illustrations. 
SvOi, doth net, fS.OO 

Soaps. A Practical Manual of the Hannfac- 

ture of T>ome8tic, Toilet and other Soaps. Il- 
lustrated with 66 enffraviners. Syo, doth. 
net, 95 . 00 

Textile SoapN and Ollat A Handbook on the 

Preparation. Properties, and Analysis of the 
Soaps and Oils Used in Textile Manufacturinir* 
Dyeing and Printing. With tables and Illus- 
trations. 8vo, cloth net, $2.50 

HUTCHINSON, R. W., Jr. Long Distance Elec- 
tric Power Transmission: being a Treatise on 
the Hydro-electric Generation of Energy; its 
Transformation, Transmission, and Distribu- 
tion. 12mo, cloth, iUus., 345 pp net, 93.00 

and IHLSKNG, M. C. Blectrldty In Mining; 

being a Theoretical and Practical Treatise on 
the Construction, Operation, and Maintenance 
qX Electrical Mining Machinery. 12mo, cloth, 
illustrated In Press. 

W . B. Patents and How to Make Money out 

of Them. 12mo, cloth $1.25 

HUTTON, W. S. Steam-boiler Conatrnctlon. A 

Practical Handbook for Engineers, Boiler- 
makers and Steam-users. Containing a large 
collection of rules and data relating to recent 
practice In the design, construction and work- 
ing of all kinds of stationary, locomotive and 
rharine steam-boilers. With upwards of 540 
illustrations. Fourth Edition, carefully re- 
vised and much enlarged. 8vo, cloth ....96.00 

— -Practlcnl Bngrlneer*B Handbook, coninrlslng 

a Treatise on Modern Engines and Boilers. 
Marine, Locomotive and Stationary. Fourth 
Edition, carefully revised, with additions. With 
upwards of 570 illustrations. 8vo. cloth, 07.00 



IVorfcs* Manager*9 Handbook of Modem 

Rules, Tables and Data for Civil and Mechani- 
cal Engineers, Mill-wrights and ^iler-mak- 
OTS, ett., etc. With up'vvUrd's of IfO iHWtra- 
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tions. Fifth Edition, carefully revised, with 
additions. 8vo. cloth 96.00 

INGLB, H. Bfaniial of Aiptlcnltnnil Chemlstir* 

8vo, cloth, illustrated, 388 pagres ....net, $S.0O 

Ilf NBS* C. H. Problems In Maehlne Dealsn. For 

the use of Students, Draughtsmen and others. 
Second Edition, 12mo, cloth net, $2.00 

Air Compressors and Blowfus Enslnes. Spe- 
cially adapted for engineers. With 285 fig- 
ures, diagrams, etc. 12mo, cloth, illustrated. 
net, 92.00 

Centrlfogal Pnmps, Turbines and Water 

Motors. Including the Theory and Practice 
of Hydraulics. Fourth and enlarged edition. 
12mo, cloth net, 92.00 

ISHBRWOOD, B. F. finsineerlns Precedents for 

Steam Machinery. Arranged in the most prac- 
tical and useful manner for Engineers. With 
Illustrations. Two volumes in one. 8vo, 
cloth 92.00 

JAMIBSON, A.y C.B. A Text-book on Steam and 

Steam-engines, including Turbines and Boil- 
ers. Specially arranged for the use of En- 
gineers qualifying for the Institution of Civil 
SSnglneers, the i)iploma8 and Degrees of 
Technical Colleges and Universities, Advanced 
Science Certificates of British and Colonial 
Boards of Education, and Honors Certificates 
of the City and Guilds of London Institute, In 
Mechanical Engineering, and Engineers gen- 
erally. Fifteenth Edition, revised. Illustrated. 
8vo, cloth 9S.00 

— — —ISlemeiitary Itaniial on Steam and the 

Steam-engine. Specially arranged for the use 
of First -year Science and Art. City and Ouilds 
of Liondon Institute, and other EUmentary 
Engineering Students. Tenth Edition, revised. 
12mo. cloth 91. BO 

JAlfNBTTAZ. B. A OvIAe to the Determination 

of Rocks: being an Introduction to Lithology. 
Translated <from the French by G. W. Plymp- 
tOD. Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth. 91.00 

JBHL*. F^ Mem. A.I.B.B. The Manufaetore of 

Carbons for Electric Lighting and Other Pur- 
poses. A Practical Handbook, giving a . com- 
glete description of the art or making car- 
ons, electros, etc. The various gas genera- 
tors and furnaces used in carbonising, with 
a plan for a model factory. Illustrated with 
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numerous diagrams, tables, and folding plates. 
8to, cloth, illustrated net, $4.M 

JBlfirnrGS, a. S. commercial Palats aad Palst- 

InflT' 8vo, doth. (Van Nostrand's Westminster 
Series.) In 



JIDNNISONy P. H. The Mft]i«f«et«re of I>a1ce 

Pigrments from Artificial Colors. A useful 
handbook (or color manufacturers, dyers, col- 
or chemists, paint manufacturers, drysalters, 
wallpaper-makers, enamel and surface-paper 
makers. With 16 plates illustratinfl: the vari- 
ous methods and errors that arise In the dif- 
ferent processes of production. 8vo, cloth. 
net, fS.OO 

JIDP80N» G. Cams, and the Prlaelalcs of their 

Construction. With flflrures, half-tones, full- 
pase and foldingr plates. 8vo, cloth, illus- 
trated net, f 1. 



M echanical Drawing. lUiistrated* 8ro. 

Cloth In Press. 

JOOKHf I Wm. AHUunetf e of the Gold and 8U- 

versmith. Prepared for the use of Jewelers, 
Founders, Merchants, etc.. especially for those 
engaaed * in the conyerslon and alloying of 
gam or other metals, the mixing of Various 
substances, eto. With numerous examples. 
12mo, cloth, 66 pi>. fl.OO 

JOHlf SONy 0« li. Photoffraphle Optles aad Color 

Photosraphy. Including the camera, kinemat- 
ograph. optical lantern, and the theory and 
practice of imaffe formation. 114 lllustratlona 
814 pp., 8to, cloth net. 



-— W. H. The Cvltlvatlea ted Preparatlea el 

Para Rubber. Second Bditlon, rewritten and 
enlarged. 88 illustrations. 188 pp. 8to, cloth. 
.*net. 



— W. lIcA. The Metallvrsy of IVIclceL In Presa 

JOHHiTON* J, F. W., ProfL and CAMBRON. Sir 

Chas. Elements of Afirricultural Chemistry 
and Oeoloffy. Seventeenth Edition. 12mo, 
cloth fa.dt 

JOLT, J, Radioactivity and Oeoloyy. An ac- 
count of the influence of radioactive enercy on 
terrestrial history. 8 lUustrationa 280 pp., 
12mo. cloth In ~ 



JOlfBSi H. C. flnectrlcal Hatare of Kattev aad 

Radioactivity. 12mo, eloth 
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M . W. The Testlav and ▼mlnatlon of Raw 

Materials used in Paint and Color Manufac- 
ture. 12mo, cloth net, 92.00- 

JOYNSON, F. H. Dealnlar tmA CoBstraetloa of 

Machine Qearln?. Illustrated. 8vo, cloth. 9S-00 

JUFTNBai* H. F. V. Slderolo^t The Setenee of 

Iron. (The Constitution of Iron Alloys and 
Iron.) Translated from the Oerman. 8vo, 
cloth, 345 pases, illustrated net, 96.00 

KANSAS CITY BRIDGB, THB. With ma Ac- 
count of the Reffimen of the Missouri River 
and a Description of the Methods used for 
Foundinff in tnat River, by O. Chanute, Chief 
Bnfflneer, and Georgre Morison, Assistant En- 
gineer. Illustrated with 6 lithographic views 
and 12 plates of plans. 4to, doth fO.OO 

KAPPf O^ CBS. flUectrte Traasmisaloa of Ba- 

ergry and its Transformation, Subdivision and 
Distribution. A practical handbook. Fourth 
Bdltidn, revised. .12mo, cloth OS.0O 

P yaamoo» Motors, Alteraators aad Rotary 

Converters. Translated from the third Ger- 
man edition, by Harold H. Simmons, A.M.I.B.BI. 
With numerous diagrrams and flffures. 8vo, 
cloth, 507 pases 94. 



KSUMy A. W. PreTeatloB of DampacMi la Balld- 

inffs. With Remarks on the Causes, Nature 
and Effects of Saline Efflorescences and Dry 
Rot. For Architects, Builders, Overseers, 
Plasterers, Painters and House Owners. Trans- 
lated from the second revised German edition. 
With colored plates and diagrams. 8vo, cloth. 
Illustrated, 116 pases net, 92. 



KBI^IiBR* S. 8.y Prof. Mathematics for Blasteoer- 

ins Students (Carnesle Schools Textbook Se- 
ries. 12mo, half leather, illustrated). Alsebra 
and Trisonometry, with a chapter on Vectors. 
288 pp net, 91*75 

Special Algebra Edition, 118 pp net, 9l«90 

Plane and Solid Geometry, 212 pp. . . .net, 91-lS 

Analytical Geometry and Calculus, 859 pp. 
net, 9a-09 

iaBI«8BY» W. R. CoBtlaaoas-earreat Dyaamos 

and Motors, and their Control: beins a series 
of articles reprinted from The Practical En- 
Slneer, and completed by W. R. Kelsey. With 
many flsures and diasrams. 8vo, cloth, lllus- 
Umtod 92.M 
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B3DMBLB, ^W, T^ and UliUIDHIIII«Ij» O. R. Tlw 

Periodic Law and the Hydroffen Spectriiiii. 
With foldinir diasraxna. lUaatrated. 16 pp.. 
8vo, pamphlet net, f .M 

KBMP, J. F., A.B., S:.M. (Columbia Univ.). A 

Handbook of Rocks. For the use without the 
microscope. With a erlossary of the names of 
rocks and of other lltholoRical terms. Fourth 
Edition, revised. 8vo. cloth. Illustrated, $1.S0 

KBNNBDY, R. Modem BairlBea and Power Gen- 
erators. A Practical Work on Prime Movers 
and the Transmission of Power: Steam. Blec- 
trie. Water, and Hot-air. With tables, fl^- 
ures. and fuIUpagre engrraviners. 6 vols. 8vo, 

cloth, illustrated 916.00 

Single volumes, each 93.00 

Baectrtcal lastallationa of Eaectiic Uarbt. 

Power. Traction,* and Industrial Electrical 
Machinery. With numerous diagrams and 
ensravin^s 

Vol. I. The Blectrleal Clrcnlt, Measnre- 

ment. Elements of Motors, Dynamos, Electro- 
lysis. 8vo, cloth, illus 9S.50 

Vol. II. Instnuneats, Transfonnen, In- 
stallation Wiring:, Switches and Switchboards. 
8vo, cloth, illustrated 9S.60 

Vol. III. Prodactlon of Electrical BnerKT 

Prime Movers, Generators and Motors. 8to, 
cloth, illustrated 98.00 

Vol. rv. Mechanical Gearlnsi Complete 

Electric Installations; Electrolytic, Mining and 
Heating: Apparatus; Electric Traction; Special 
Applications of Electric Motors. 8vo, cloth, 
illustrated 98.00 

Vol. V. Apparatus and MaeUnerr osed In 

Telegrraphs, Telephones, Sigrnals, Wireless Tel- 
egraph. X-Rays, and Medical Science. 8vo. 

cloth, illustrated 98.60 

Complete sets of the five volumes ....916.00 

KETTNEIiLY, A. B. Theoretieal Blements of 

Electro-dynamic Machinery, 8vo, cloth, 91.60 



KBRSHAVir, J. B. C. Fnel, "Water, and Qmm 

alysis, for Steam Users. 8vo, cloth, net, 92.60 

-^-^Ellectrometallurnr. Hlostrated. 806 

8vo, cloth net. 



Blectrle Pnmace la Iron and Steel Pro- 
duction. 68 paffes. 24 Illustrations and list of 
patents. 12mo, cloth net. 
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KINGDOM, J. A. Applied ManetUmi. Aa latro* 

duction to the DeslKn of Electromagrnetlc Ap- 
paratus. 8vo, clotn 98.00 

KINZBRUNNER, C. Alternate Curreat Wind- 
ings; Their Theory and Construction. A Hand- 
book for Students, Deslgrns, and all Practical 
Men/ 8vo, cloth, illustrated net, 91 '80 

C ontlnoons Current Armatures | Their Wind- 
ing- and Construction. A Handbook for Stu- 
dents, Designers, and all Practical Men. 8vo, 
cloth. Illustrated net. 91 . 50 

T he Testing of AltcmattniT Onrrent Marhlnea 

in Laboratories and Test Rooms. A prftctlcal 
work for students and engineers. Vol 1. Oon- 
eral Tests; Transformers, Alternators. 141 
illustrations. 164 pp.. 8vo, cloth net. 92.00 

KIRKALDY. 'W. 6. lUnatratlons of David Klrk- 

aldy's System of Mechanical Testing, as Origi- 
nated and Carried on by him durln^r a Quarter 
of a Century. Comprising a LArge Selection 
of Tabulated Results, showing the Strength 
and other Properties of Materials used in Con- 
struction, with Explanatory Text and His- 
torical Sketch. Numerous engraving's and 25 
lithographed plates. 4to, cloth 910.00 

KIRKBRIDB, J. Bnirravlnv for Illnntratloni 

Historical and Practical Notes, with illustra- 
tions and 2 plates by ink photo process. 8vq, 
cloth, illustrated net. 91.60 

KIRKWOOD, J. P. Report on the Filtration of 

River Waters for the Supply of Cities, as 
practiced in Europe, made to the Bt>ard of 
Water Commissioners of the City of St Louis. 
Illustrated by 30 double-pase enffravlnffs. 4to. 
cloth 9T.B0 

KLEIN, J. F. Deslvn of a Hlffh-apeed Steam- 
engine. With notes, diagrams, formulas and 
tables. Second Edition, revised and enlarged. 
8vo, cloth, Illustrated « net, 9S.00 

KXEIirHANS, F. B. Boiler Construction. A 

Practical explanation of the best modern 
methods of Boiler Construction, from the lay- 
iniT out of sheets to the completed Boiler. 
With diagrams and full-page enerravings. 8vo, 
cloth, illustrated 9S.00 

KlflGHT, A* M.. Llent.-Com.. U.S.N. Modem 

Seamanship. Illustrated with 186 fuU-pag^e 
plates and dlaerrams. Svo, cloth. Illustrated. 

Second Edition, revised net, 96.00 

Half morocco 97.80 
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KHOX» W. F. LABUltluM TaUM In Presi. 

KNOTT, C. O^ and MACKAT, J. S. Pmetlcnl 

Mathematics, lyith numerous examples, fix- 

* ures and diaarrajns. New Edition. 8vo, cloth, 

1 1 1 ustra t ed 92 . 00 

KOESTBR, F. Steam-Eleetrie Power Flai^a mad 

their Construction. A Practical Treatise on 
the Desisn of Central Ligrht and Power Sta- 
tions and their Economical Construction and 
Operation. 473 pp., 340 Ulus ....net. 



ita ud 

InflT. A Practical and Theoretical Treatise on 
the Development, Design. Construction, BQuip- 
ment, and Operation of Complete Hydroelectric 
Transmission Plants. With many tables and 
600 diaflrrams and iUustrationa 476 pp., 4to, 
cloth. net. 



KOLUBIU T. The UtiUsaUon of ^^aste Produeta. 

A Treatise on the Rational Utilization, Re- 
covery and Treatment of Waste Products of 
all kinds. Translated from the Gtorman, sec- 
ond revised edition. With numerous diagrams. 
8vo, cloth, illustrated net, OS 



/oaaetlca. A Handbook of tbe MaButaetnoy 

Employment and Testing of all Cosmetic Ma- 
terials and Cosmetic Specialties. Translated 
from the German by Chas. Salter. 8vo, cloth. 
net, 02.00 

KRAUCH, C Dr. Teatins of Ckemleal Beasenta 

for Purity. Authorized translation of the 
Third Edition, by J. A. Williamson and 1*. W. 
Dupre.. With additions and emendations by 
the author. 8vo. cloth not. 



ULMBBRT, T. lioad* and tta Compoaada. With 

tables, diagrams and foldinff-platea 8vo, 
cloth net, 08JSO 



Kone Produeta and Maaarea. Aa Aceoaat of 

the most recent improvements In the manufac- 
ture of Fat, Glue, Animal, Charcoal, Size, Gela- 
tine and Manures. With plans and diaarrams. 
8vo, cloth, illustrated net, 0S*OO 

LAMBORN, L. Ij. Cottoaaeed Prodaeta. A Blaa- 

ual of the Treatment of Cottonseed for its 
Products and Their Utilization in the Arts. 
With Tables, figures, full-paffe plates, and a 
large folding map. 8vo, cloth, illustrated. 
net,9&00 

M odern Soaps. Oaadlea, aad Glyeerla, A 

practical manual of modern methods of utili- 
sation of Fats and Oils in the manufacture 
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of Soaps and Candles, and the recovery of 
Glycerin. 8vo» cloth, illustrated ....net, 97.80 

liAMFRBCHT, R. ReeoTeiy Work After Pit 

Fires. A description of the principal methods 
pursued, especially 4n fiery mines, and of the 
various appliances employed, such as respira- 
tory and rescue apparatus, dams, etc. With 
folding plates and diaarrams. Translated from 
the German by Charles Salter. 8vo, cloth. Il- 
lustrated net, 94UNI 

liANCHSiSTERy F. 'W. Aerodynamics t Conatltv- 

ting the First Volume of a Complete Work on 
Aerial Fllffht. With Appendices on the Ve- 
locity and Momentum of Sound Waves, on the 
Theory of Soaring Fllgrht, etc. With numerous 
- diagrams and half-tones. Illustrated. 442 pp., 
8vo, cloth net. 



— — Aerodoaetlcs. Constttntlaff the second vol- 
ume of a Complete Work on Aerial Flight. 
With Append Ices on the Theory and Applica- 
tion of the Gyroscope, on the Fliffht of Pro- 
jectiles, etc. 449 pp., 208 illustrations, _8ypj 
cloth. net. 



liARIfBRt B. T. Principles of Altemattnff Onr- 

renta For students of electrical ensineertniT. 
69 illustrations. 110 pp., 12mo, cloth.net. 



ULRRABBB, C. 8. Cipher and Secret liCtter 

and Telegraphic Code, with Hos's Improve- 
ments. The most perfect Secret Code ever in- 
vented or discovered. Impossible to read with- 
out the key. 18mo, clotn fO.HO 

I«A88AR-€OHlf , Dr. An IntrodneUon to Modem 

Scientific Chemistry, in the form of popular 
lectures suited to university Bxtension Stu- 
dents and general readers. Translated from 
the author's corrected proofs for the second 
German edition, by 21 li. Pattlson Muir, M. A. 
12mo, cloth, illustrated •S.OO 

liATTAy M. If. Handbook of Amerlean Gas- 

EnflTlneerinff Practice. With dia^rrams and 
tables. 8vp, cloth, Ulus., 460 pp.... net* M*60 

American Producer Gas Praetlee and Indns- 

trial Gas Enfflneerlnfir* A new and original 
work. Illus. 8vo, cloth. In Press. 

LESASK. A. R. Breakdows at Sea and How to 

Repair Them. With 89 illustrations. Second 
Bdltlon. 8vo, cloth 
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81e mad Quadxiiple Expaaatoii Bnrtaes 
oilers and their Mana^emeut. With 59 
illustrations. Third Edition, revised. 12mo, 
cloth 92. oe 

R ctrUrcratlag Macblnerr* Its Prtaclplea and 

Manafirement. With 64 illustrations. 12 mo, 
cloth $2.0© 

LBCKY, S. T. S. MWrlaklea" la Practical Navl- 

fation. With 130 illustrations. 8vo. cloth, 
'ourteenth Edition, revised and enlarged. 
' net. 



LEEDS, C. C. Medfcaaleal Drawias for Trade 

. Schools. HIgrh School Edition. (Carnegie 

' Technical Schools Textbooks.) Text and 

Plates. 4to, oblong cloth... , net, 91-S6 

M ecbaalcal Dniwlw for Trade Sehoola. Ha- 

chinery Trades' Edition. 43 lessons in text and 
plates. 4to, oblong cloth, 150 pp.... net, 99.110 

LEFl^VRB, Lm Archltectvral Potters Brlcka* 

Tiles, Pipes, Enameled Terra-Cottas, Ordinary 
and Incrusted Quarries, Stoneware Mosaics. 
Faiences and Architectural Stoneware. With 
tables, plates and 950 cuts and illustrations. 

With a preface by M. J.-C. Formice. Trans- 
lated from the French, by H. K. Bird, M.A., 
and W. Moore Binns. 4to. cloth. Illustrated. 
net, 9T.ttO 

LBHNBR, S. Ink Maaufactaret Ineludiaar Writ- 
ing, Copying, Liithographlc, Marking, Stamp- 
ing and Laundry Inks. Translated from the 
fifth German edition, by Arthur Morris and 
Herbert Robson, B.Sc. 8vo, cloth. Illustrated. 
net, 92-SO 

JLEMSTROMy Dr. EUectrlcity la Agrlcvltare aad 

Horticulture. Illustrated net, 91*90 



l^aawkaSf T. B. U^ald aad GaMtraa Fnela* aad 

the Part They Play in Modern Power Produc- 
tion. With tables and 64 figures and dlagrama 
Illustrated. 384 pp., 8vo. cloth net. 



LITBRMORB, V. P., and HHtLLIAMS, J. How to 

Become a Competent Motorman. Being a 
Practical Treatise on the Proper Method of 
Operating a Street Railway Motor Car; also 

f riving details how to overcome certain de- 
ects. Revised Edition entirely rewritten and 
enlarged. 16mo, cloth, illustrated 91 '00 

LOBBBN, P.» BLB. Maeklnlsts* and Draftsmen's 

Handbook, containing Tables, Rules, and For- 
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mulaji, with numerous examples, explainlns 
the principles of mathematics and mechanics. 
as applied to the mechanical trades. Intended 
as a Ff^ference book for all Interested in Me- 
chanical work. Illustrated with many cuts 
and diasran^s. 8vo, cloth $2.M 

LOCKE, A. G. and C. G. A Practical Treattnc on 

the Manufacture of Sulphuric Acid. With 77 
constructive plates, drawn to scale measure- 
mentSf and other illustrations. Boyal 8vo, 
cloth 910 .00 

LOCKWOOD, T. D. Electricity, Maknetlam, aad 

Electro-telejrraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, 
cloth. Third Edition 02. SO 

E lectrical Meflnurement and the Galvano- 

meter: its Construction and Uses. Second Edi- 
tion. 32 illustrations. 12mo. cloth ....91.90 

LODGE, O. J. Elementary Mechanics, Indndlns 

Hydrostatics and Pneumatics. Revised Edi- 
tion. 12mo, cloth 91-90 

Slgnnlllng AcroMs Space, 1^'lthovt 'Wlrcnt 

being" a description of the work of Hertz and 
his successors. With numerous diagrrams and 
half-tone cuts, and additional remarks con- 
cerning' the application to Telegraphy and 
later developments. Third Edition. Svo, cloth. 
Illustrated net. 92.00 

LORD, R. T. Decorative and Fancy Fabrica.. A 

- Valuable Book with designs and illustrations 
for manufacturers and designers of Carpets, 
Damask, Dress and 'all Textile Fabrics. Svo, 
cloth, illustrated net, 98. BO 

LORING, A. E. A. Handbook of the Electro* 

magnetic Telegraph. 16mo, cloth, boards. 
New and enlarged edition 90. BO 

LO'WBNSTEIN, L. C, and CRIS9EY. Ceatrifocal 

Pumps In Press. 

LIXCKE, C. B. Gas Enirinc Dcalnrn. With fls« 

ures and diagrams. Second Edition, revised. 
8vo. cloth, illustrated net, 98.00 

Power Plnntm their Dealffn, Efllclcncy, and 

Power Costs. 2 vols In Press. 

P ower Plant Paperi^. Form I. The Stcnm 

Power Plant. Pamphlet (8x13) net, 91.B0 

LITNGE, G., Ph.D. Conl-tar and Ammonia t bclnff 

the third and enlarged edition of "A Treatise 
on the Distillation of Coal>tar and Ammoni- 
acal Liquor," with numerous tables, flsrures 
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and diagrams. Thick 8vo, cloth, Illustrated. 
net. 915. OO 

A Theoretical and Practical Treatise on tke 

Manufacture of Sulphuric Acid ^and Alkali 
with the Collateral Branches. 

Vol. I. Sulphurle Acid. In two pmrtm^ not 

sold separately. Second Edition, revised and • 
enlarged. 342 illus. Svo. cloth 915.00 

Vol. II. Salt Cake, Hydrochloric Acid ud 

Leblanc Soda. Second Edition, revised and 
enlarged. • Svo, cloth 91S<00 

Vol. III. Ammonia Soda, and variona other 

processes of Alkali -making, and the prepara- 
tion of Alkalis. Chlorine and Chlorates, by 
Electrolysis. 8vo, cloth. New Edition, 1896. 
915.00 



>chnleal Chemlnta' Handhook. Tablea and 

methods of analysis for manufacturers of in- 
orgranic chemical products. 283 pp. 12mo. 
leather net, 9SJ50 

■ Technical Methoda of Chemical Amalyala* 

Translated from the second Gterman edition 
and adapted to English practice by Charlea A. 
Keane. in collaboration with the corps of spe- 
cialists. Volume I. In two parts not sold sep- 
arately. 1024 pp. Illustrated. 8vo. cloth. 

net 915.00 

. Vols. II and III In preparation. 

and HIJRTBR« F. The Alkali Maker** Hand- 
book. Tablea and Analvtical Methods for 
Manufacturers of Sulphuric Acid, Nitric Acid, 
Soda. Potash and Ammonia. Second . Edition. 
12mo, cloth 98.00 

L.UPTON, A., PARR. G. D. A., and PBRKIN, H. 

Electricity as Applied to Mlnlnpr. With tables, 
diasrrams and foldfnf? plates. Second Edition, 
revised and enlarged. Svo. cloth, illustrated. 
net, 94.50 

LVCtUBR, I.. M., Ph.D. (Colombia Univ.). Min- 
erals In Hock Sections. The Practical Method 
of Identifying: Minerals In Rock Sections w^ith 
the Microscope. Esp*^cially arransred for Stu- 
dents In Technical and Scientific Schools. Third 
Revised Edition. Svo, cloth, illustrated. 
net, 91-00 

MACKIE, John. How to Make a Woolen Mill 

Pay. Svo, cloth net, 92 .00 

MACKROW. C. The 9faval Architect's and Ship- 
builder's Pocket-book of Formulae, Rules, and 
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Tables; and En^neers' and Surveyors' Handy 
Book of 'Reference. Ninth Bditlon. 16nio, 
Ump leathei:, Illustrated 95. 09 

1L4017IRB, E., Capt.. U.S.A. The Attack mad 

Pefense of Coast Fortifications. With maps 
and numerous illustrations. 8vo, cIoth» 92. sa 



' Wm« R. Domestic Santtair Dmlnaac aaitf 

Plumbinsr Lectures on Practical Sanitation. 
382 Illustrations. 8vo 94.99 

MARKS, 10. (7. R. Notes oa the CoastractloM off' 

Cranes and Lifting Machinery. With nismer- 
ous diagrams and figures. New and enlarged^ 
edition. 12mo. cloth net. SI. 50* 

Kotcw on the Coast mctlon and Working oH 

Pumps. With figures, diagrams and engrav- 
ings. 12mo, cloth, illustrated net, 91.50* 

G. C. Hydmollc Power Engineering. J^ 

Practical Manual on the Concentration aakdl 
Transmission of Power by Hydraulic Machin- 
ery. With over 200 diagrams and tables. 8vo, 
cloth, illustrated 93.80 

Inventions, Patent*- and Deatlgnis, with Noten 

and Full Text of the NVw Brftir-h Pat**nts. and 
Designs Act of 1907. 12mo. cloth net. 91-00 

M ARKHAM, B. R. Steel 'Worker, The American. 

A twenty-five years experience in the selection, 
annealing, working, hardening and tempering 
of various kinds and grades of steel. 8vo, 
cloth. Illus. Second Edition 92.50 

MARSH, C. F., and DUNN. W. Reinforced Co»-. 

Crete. With full-page and folding plates, ancK 
5^2 figures and diagrams. Third Edition, re- 
vised and enlarged. 4to, cloth, illus., not. 9T.00* 

Manoal of Reinforced Concrete and Concrete* 

Block Construction. Illustrated t>y 11'6 dia* 
grams and flgure.s, 290 pp, IBino. -n-.-' "^^o. 
net. 



MASSIK, W. W., and UndcrhlU, C. R. ^^Ircli 

Tfl*»K^aph'' :'nd * TeieP'inny "^ju^^'i x- 

plalned. With a special article by Nikola 
Tesla. 76 pp. 2S illustrations. 12mo, cloth. 
. . . .^ net. 91<0O 

MAURICB, WM. Electric Blasting Appnmtwii 

and Explosives: with Special Reference t<^ 
Colliery Practice. 86 illustrations. 8vo, cloth, 
176 pp net 9»^ 

MAYER, "W, American Tclcgraphyt Systems^ 

Apparatus. Operation. 450 illustrations. 8vo.. 
Cloth A 95.00» 
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MAYBR, A. M., Prof. Iieeture Notea oa Physlea. 

8vo. cloth • 92. M 

MeCUI^ LOUGH, R. S., Prof. Blemeatarr TreattM 

on the Mechanical Theory ot Heat, and its ao* 
plication to Air and Steam-engines. 8vo, clotn. 
9S.50 

■ ES. KajKlneerlBK Work la Tovras aad Small 

Cities, with valuable tables* diagrams, and 
formulae. 12mo, cloth. Illustrated fS 



[cINTOSH, J. G. Teehaolasy of Sugar. A Prac* 

tical Treatise on the Manufacture of Sugar 
from the Sugar-cane and Sugar-beet. With 
diagrams and tables. 8vo, cloth, illustrated. 
net, 94-BO 

-Induntrlal Alcohol. A Practical Manoal oa 

the Production and Use of Alcohol for Indus- 
trial Purposes and for Use as a Heating Agent, 
as an lliuminant and as a Source of Motive 
Bower. With plans and engravings. 8vo, 
cloth, ill. 252 pp., London. 1907 net, SS 



-Manafacturc of Varnishes aad KHadred In* 

dustries. Based on and including the "Drying 
Oils and Varnishes," of Ach. Livache. Volume 
I. Oil Crushing, Refining and Boiling, Manu- 
facture of Linoleum. Printing and Lithograph- 
ic Inks, and India-rubber SiiDstitutes. Second 
frreatly enlarged English Edition. 8vo, cloth, 
llustrated net, 98.00 

-Vol. 11., Varnlnh Matertala and Oil Varalah 



Making. With figures, diagrams and tables. 

Illu8tnitod, 8vo. cloth net, #4.00 

(To be complete in three volumes.) 

McMECHGN, F. L. Testa for Ores, Mlnerala aad 

Metals of Commercial Value. 8vo, cloth, illus- 
trated net, 91.00 

MeNElMi, B. McNeill's Code. Arranged to meet 

the requirements of Mining, Metallurgical and 
•Civil Engineers. Directors of Mining, Smelting 
.and other Companies, Bankers, Stock and 
•Share Brokers, Solicitors, Accountants, Finan- 
ciers and General Merchants. Safety and Se- 
crecy. 8vo, cloth 90.00 

VcPHERSON, J. A., A. M. Innt. C. G. Water- 
works Distribution. A practical guide to the 
laying out of systems of distributing mains 
for the supply of water to cities and towns. 
With tables, folding plates, and numerous full- 
page diagrams. 8vo, cloth, illustrated, 92JHI 

MBLICK, C. W.. Prof. Dairy Laboratory Guide. 

12mo, cloth, iiluytrated net, 91.S0 
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MSRCK, fiS. Chemical Reaventai Their Pmii^ 

and Tests* 250 pp net, $1.50 

BfERRITT, Wm. H. Field Teatlnv for Gold aa« 

Silver. A Practical Manual for Prospectors 
and Miners. With numerous half-tone cuts, 
flfiTures and tables. 16mo, limp leather, illus- 
trated 9U» 



KETAl. TURNING. By a Foreman Pattei 

maker. Illustrated with 81 ^ngraving^s. 12mo, 
cloth «1.B» 

MICHEIiliy S. Mine Drain sffei helns a Complete 

Practical Treatise on Direct-actihig: Under- 

frround Steam Pumpiner Machinery. Contaln- 
ns many folding: plates, dlaerrams and tables. 
Second Edition, rewritten and enlargred. Thick 
8vo, cloth, illustrated 910J0^ 

MIERZINSKI, S., Dr. Waterproollnar of Fabrics. 

Translated from the German by Arthur Mor- 
ris and Herbert Robson. With diagrams and 
flffures. 8vo, cloth, illustrated .... net. 



MILLBR, B. H. (Colombia Univ.). dnantltattra 

Analysis for Mining: Eng:ineers. 8vo, cloth. 
Second Ed. Revised net, 91<S^ 

mLROT. M. B:. 'W.. Home Laee-maklns; a Hand- 
book for Teacl ers and Pupils. With plates 
and diag:rams. 12mo, cloth, illustrated. 
net, 



MINIFIB, 'W. Meehaaleal Drawing. A Text* 

book of Geometrical Drawinfr for the use of 
Mechanics and Schools, in which the Defini- 
tions and Rules of Geometry are familiarly 
explained; the Practical Problems are ar- 
ranged from the most simple to the more com- 
plex, and in their description technicalities 
are avoided as much as possible. With illus- 
trations for drawing Plans, Sections, and Ele- 
vations of Railways and Machinery; an Intro- 
duction to Isometrlcal Drawizig, and an Essay 
on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on 
steel. Tenth Thousand, revised. With an Ap- 
pendix on the Theory and Application of Col- 
ors. 8vo, cloth $4.M 

Geometrical Drawing. Abridged from the 

Octavo edition, for the use of schools. Illus- 
trated with 48 steel plates. Ninth Edition. 
12mo. cloth .92.00 

MODBRN METEOROLOGY. A Series of 91s 

Lectures, delivered under the auspices of tho 
Meteorological Society in 1870. Illustrated. 
12mo, cloth 91. r 
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MONOKTON, C. C. F. R«dtot«leffniphT- 179 II. 

lustrations. 8vo, cloth, 289 pp. (Van Nos- 
trand's Westminster Series.) net. 



KOlfTBTERDB. R. D. A Pooket GIowwxT of 

Enslish-Spanlsh, Spanlsh-Engrllsh Technical 
Terms. Suitable for the eng-lneeringr, manufac- 
turing and mining: industries. 309 pp. Vest 
pocket sise, leather net. 



MOOKES, E. C. S. New Table* for the Complete 

Solution of Gani^uillet and Kutter's Formula 
for the tiow of liquids in open channels, pipes, 
sewers and conduits. In two parts. Part I. 
arrangred for 1080 inclinations from 1 over 1 
to 1 over 21,120 for fifteen difTerent values of 
<n). Part II, for use with all other values of 
<n). With larere folding diagram. 8vo, doth. 
Illustrated net, $5.00 



MORBING, C. A., and NBAL, T. New General 

and Mining Telegraph' Code. 676 pages, al- 
phabetically arranged. For the use of mining 
companies, mining engineers, stock brokers, 
financial agents, and trust and finance com- 
panies. Eighth Edition. 8vo, cloth ...98.00 

MOSBSt A. J. The Characters of Crjstala* Ajs 

Introduction to Physical Crystallography, con- 
taining 321 illustrations and diagrams. 8vo. 
net, 93.00 

: .and PAB90N9, C. !«• lOloaients of Mlmeral- 

ogyj Crystallography and Blowpipe Analysis 
from a Practical Standpoint. Fourth Bnlarged 
Edition. 8vo, cloth, 33t illustrations, net, 92.60 

MOSS, S. A. Bleneata of Gas Basine Doalva* 

Reprint 'of a Set of Notes accompanying a 
Course of Lectures at Cornell University in 
1902. Second Edition. 16mo. cloth, illustrated. 
(Van Nostrand's Science Series) 90.60 

T he Xay-ont of Corllsa Valve Gears. (Van 

nostrand's Science Series.) 16mo, cloth, illus- 
trated 90.60 

MUI4L.IN, J. P., M.B. Modern Moulding and Fat- 
tern-making. A Practical Treatise upon Pat- 
tern-shop and Foundry Work: embracing the 
Moulding of Pulleys, Spur Gears. Worm Gears, 
Balance-wheels. Stationary Engine and Loco- 
motive Cylinders. Globe Valves, Tool Work, 
Mining Machinery, Screw Propellers, Pattern- 
shop Machinery, and the latest improvements 
in English and American Cupolas; together 
with a large collection of original and care- 
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fully selected Rules and Tables for evefy-day 
use* in the Drawing Office, Pattern-shop and 
Foundry. 12mo, cloth, Illustrated $2. BO 

MUNBY. A. B. IntrodacttoA to the CltemlstvT- 

and Physics of Building Materials. Illustrated. 
8vo, cloth, 365 pp. (Van Nostrand's Westmin- 
ster iSeries.) net, $2.00 

MUNliO, J., C.E.. and JAMIBSON, A., C.B. A 

Pocket-book of Blectrical Rules and Tables 
for the use of Electricians and Bngrineers. 
Sixteenth Edition, revised and enlarg-ed. With 
numerous diagrrams. Pocket size. leather. 
92.50 

MURPHY, J. G., H.B. Practical Mtnlns. A Field 

Manual for Mininflr Enj^ineers. With Hints for 
Investors in Mining: Properties. 16mo, cloth. 
111.00 

NAQ,rBT, A. Lesral ChemlMtry. A Guide to the 

Detection of Poisons, Falsification of Writin|j:s» 
Adulteration of Alimentary and Pharmaceuti- 
cal Substances, Analysis of Ashes, and Exami- 
nation of Hair, Coins, Arms and Stains, as ap- 
Blied to Chemical Jurisprudence, for the use of 
hemists, Physicians, Lawyers, Pharmacists 
and Experts. Translated, with additions, in- 
cluding a list of books and memoirs on Toxi- 
cology, etc., from the French, by J. P. Batter- 
shall, Ph.D., with a preface by C. F. Chandler, 
Ph.D., M.D., LL.D. 12mo, cloth «2.00 

NASMITH. J. The Stndent's Cotton SplnnliiK. 

Third Edition, revised and enlarged. 8vo, 
cloth, 622 pages, 250 illustrations 93.00 

NERZ, F. Searehllffhtat Their Thcoi7» Coastrac- 

tion and Application. Translated by Gharle* 
Rodgers. 47 illustrations. 145 pp. Svo, cloth. 
net. 9SXI0 

UrSSUBERGBR, H., and NOALHAT. H. Technol- 
ogy of. Petroleum. The Oil Fields ot ' the 
World: theii* History, Geography and Geology. 
Annual Production, Prospectlon and Devel- 

. opment: Oil-well Drilling: Transportation of 
Petroleum by Land and Sea. Storage of Pe- 
troleum. With 153 illustrations and 26 plates. 
Translated from the FreAch by John Geddes 
Mcintosh. Svo, cloth, illustrated, net, 910.00 

NB^WAI^Ii, J. W. Plain Practical IMreetlona for 

. Drawing, Sizing and Cutting Bevel-gears, 
showing how the Teeth may be cut in a Plain 
Milling Machine or Gear Cutter so as to give 
them a correct shape from end to end; and 
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showing how to eret out all particulars for 
the Workshop without makingr any Drawinsrs. 
Includlnsr a Full Set of Tables of Reference. 
Folding plates. 8vo, cloth 91. 



HBWLANDS, J. The Carpenteni' and Joii 

Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength of Ma- 
terials, and the Mechanical Principles of 
Framing, with their application in Carpentry, 
Joinery and Hand-railing; also, a Complete 
Treatise on Sines; and an Illustrated Glossary 
of Terms •used in Architecture and Building:. 
Illustrated. Folio, half morocco 915. r 



NIPHESR, F. Em A.m. Theory of Magnetic Mee»- 

urements, with an Appendix on the Method of 
Least Squares. 12mo, cloth 91.00 

BTISBET, H. Grammar of TextUe Dealga. Wltk 

many diagrams and figures. 8vo, cloth, illus- 
trated. 276 pp., London, 1907 net, 98 



NOLL, Angustna. How . to \%'lre BuUdlngst A 

Manual of the Art of Interior Wiring. With 
many illustrations. Fourth Bdition. 8vo, 
cloth, illustrated 91. SO 

HUGENT, E. Treatise on Optical or. Light ud 

Sight Theoretically and Practically Treated, 
with the Application to Fine Art and Indus- 
trial Pursuits. With 103 illustrations. 12mo, 
cloth 91.60 

O'CONNOR, H. The Gas Engineers Pookct-hoolb 

Comprising Tables, Notes and Memoranda re- 
lating to the Manufacture, Distribution and 
Use of Coal-gas and the Construction of Gas- 
works. Second Edition, revised. 12mo, full 
leather, gilt edges 9S*60 



OL990N, A. Motor Control as Used in Com 

tion with Turret Turning and Gun Elevating^ 
(The Ward Leonard System.) Illustrated. 
8vo, Pamphlet, 27 pp. (U. S. Navy Electrical Se- 
ries, No. 1.) net, 9. -00 

OLSEN, J. C, Prof. Text-hook of anantltatlTo 

Chemical Analysis by Gravimetric. Electro-* 
lytic. Volumetric and Gasometric Methods. 
With Seventy-two Laboratory Exercises giv- 
ing the Analysis of Pure Salts, Alloys, Miner- 
als, and Technical Products. With numerous 
figures and diagrams. Fourth Edition, revised 
and enlarged. 8vo, cloth net, 94.00 

OSBORNf F- C Tables of Momenta of Inerttay 

and Squares of Radii of Gyration; supple- 
mented by others on the Ultimate and Safe 
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Strensrth of Wrousht-lron Columns. Safe 
StrezifiTth of Timber Beams, and Constants for 
readily obtainin^r the Shearing Stresses. Reac- 
tions and Bending Moments in Swing Bridges. 
Fifth Bdltlon. 12mo, leather net, (S.OO 

OUDIN. H. A. Standard PolTphase Apparatuii 

and Systems. With many diagrams and fig- 
ures. Fifth Edition, revised and enlarged. 
Fully illustrated. 8vo, cloth,^ 370 pp. . . .(S.OO 

PAIiAZ, AMf ScD. A Treatise on Induatrlal Pho- 
tometry, with special application to Electric 
Lighting. Authorized translation from the 

• French by George W. Patterson, Jr. Second 
Edition, revised. 8vo, cloth, illustrated, $4.00 

PAMELYy C. Colliery BIaiuiver*a Handboolb A 

Comprehensive treatise on the Laying-otit and 
Working of Collieries. Designed as a book 
of reference for colliery managers and for 
the use of coal -mining students preparing for 
first-class certificates. Fifth Edition, revised 
and enlarged. Containing over 1,000 dla- 

Srams, plans, and engravings. 8vo, cloth, 
lustrated net, 910.00 

PARR, G. D. A* Bleetrlcal Bngineerinsr Me«««r- 

ing Instruments, for Commercial and Labora- 
tory Purposea With 370 diagrams and en- 
gravings. 8vo, cloth, illustrated, net, OS.So 

PARRT, B. J., B.8e« The Chemistry of Bsaeatiftl 

Oils and Artificial Perfumes. Being an at- 
tempt to group together the more important 
of the published facts connected with the sub- 
ject; also giving an outline of the principles 
Involved in the preparation and analysis of 
Essential Oils. Second Edition, thoroughly re- 
vised and greatly enlarged. With numerous 
diagrams and tables. 8vo, cloth, illustrateu. 
net, fSiOO 

a ad C08TB, J. H. Chemistry of Pigmeatii. 

With tables and figures. 8 vo,. cloth, net, $4.60 

lu A«, ]IM>. The Risk and Daavers of Vari- 
ous Occupations and their Prevention. A book 
that should be in the hands of manufacturers, 
the medical profession, sanitary inspectors, 
medical, officers of health, managers of works, 
foremen and workmen. 8vo, cloth, net, OS.OO 



PARSHALL, H. F^ and HOBART. H. M. ^m^.^- 

ture Windings ox Electric Machines. With 140 
full-page plates, 66 tables and 166 pages of 
deseriptlYe letter-press. 4 to, cloth ....97.50 

Electric Railnay Engineering. With ninn- 

erous tables, figures^ and folding plates. 4to, 
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cloth, 4e8 pp., lllas net, 9U.0O 

This is undoubtedly the most eomprehenfliva 
work on a rapidly ffrowins and Immensely im- 
portant branch of ensrineerinff, and is likely 
to remain for lon^ the standard book on the 
subject. 

and PARRTv B. Baeetxleal Bavlpnieat of 

Tramways In Press. 

FASSMORB, A« O. Handbook of Teehnleal 

Terms used in Architecture and Bulldinff. and 
their Allied Trades and Subjecta 8vo, doth. 
net, VS-BO 

FATBRSON^ O., F.C.8. The Color Printing of 

Carpet Tarns. A useful manual for color 
chemists and textile printers. With nimierotts 
illustrations. 8vo, cloth, illustrated, net, •> 



'olor Blatehlns on Textiles, A Ufannal in* 

tended for the use of Dyers, Calico Printers, 
and Textile Color Chemists. Containing col- 
ored frontispiece and 9 illustrations, and 14 
dyed patterns in appendix. Svo, cloth, Illus- 
trated net, (S 



Seieaoe of Color Mlartng. A Mannal in- 
tended for the use of Dyers, Calico Printers, 
and Color Chemists. With flffures, tables, and 
colored plate. Svo, cloth, illustrated, net, 9S.M 

PATTOlfy H. B. Ijoetiire Notee on Cryatallov- 

raphy. Revised Edition, largely rewritten. 
Prepared for use of the students at the Colo- 
rado School of Mines. With blank paces for 
note-taklner. Svo, cloth net, 91«29 



PAULDING, O. P. Practieal Laws and Data on 

the Condensation of Steam in Covered and 
Bare Pipes; to which is added a translation of 

Peclet's "Theory and Bxperiments on the 
Transmission of Heat Throush Insulating Ma- 
terials." Svo, doth; illus. 102 pp net. 



—Transmission of Heat Thronsh Cold-storaso 

Insulation: Formulas, Principles, and Data 
Relating to Insulation of Eivery Kind. A 
Manual for refrifferatinff en^lneera With 
tables and diagrams. 12mo, cloth, illustrated. 
net, 91. no 



PBIRCB.« B. System of Analytle Meehanlco. 
4tO, Cloth 910.00 



PBlf DRBD. V. The RaUway Looomotive. Wliat 

It Is and Why It Is What It la 94 lllustra- 
tiona Svo, cloth, 818 pp. (Van Nostrand's 
Westminster Seriea) net. 
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FBBKIlf , F. M. Prmctteal Methods of iBonaide 

Chemistry. With flsruree and diagrams. 12mo, 
cloth, Illustrated, 152 pp net, 91.00 

PBRRIGO, O. E. DeTleesy Change Gear. Show- 
Ins the Development of the Screw Cutting* 
latne and the Methods of obtaining various 
pitches of Threads. Cloth $1.00 

PERRINB, F. A* C, A.M.» D^Se. Conductors for 

Electrical Distribution: their Manufacture and 
Materials, the Calculation of Circuits, Pole 
Line Construction,, Underground Working and 
other Uses. .With numerous diagrams and en- 

R ravings. Second Edition, revised. 8vo, cloth, 
lustrated, 287 pages net, fS.CSO 

PBRRT. J. Applied Bleehanles. A Treatise for 

the use of Students who have time to wrork 
experimental, numerical, and graphical exer- 
cises illustrating the subject. 8vo, cloth. 660 
pages net, f2.B0 

PHILIilPS, J. ESnglneerlng Chemistry. A Prac- 
tical Treatise for the use of Analytical Chem- 
ists. Engineers, Iron Masters, Iron Founders., 
students and others. Comprising methods of 
Analysis and Valuation of the principal ma- 
terials used in Engineering works, with num- 
erous Analyses, Examples, and Suggestions. 
Illustrated. Third Edition, revised and en- 
larged. 8vo, cloth net, 04. f 



(old Assayliisr, A Praetlcal Haadhook giv- 
ing the Modus Operandi for the Accurate As- 
say of Auriferous Ores and Bullion, and the 
Chemical Tests required In the Processes of 
Extraction by Amalgamation, Cyanldation, and 
Chlorlnatlon. With an appendix of tables and 
statistics and numerous diagrams and en- 
gravings. 8vo, cloth. Illustrated, net, 92.80 

PHIlfy J« Seven Follies of Sdenee. A Popnlar 

Account of the moft famous scientific Impossi- 
bilities and the attempts which have been 
made to solve them; to which is added a small 
Budget of Interesting Paradoxes. Illusions 
and Marvels. With numerous illustrations. 
Second Edition. 8vo, cloth, illustrated. 
net, $1.25 

Honsehold PestSy and How to Get Rid of 

Them. 8vo, oloth In 



PICITWORTH. C. N. The Indicator Handbook. 

A Practical Manual for Engineers. Part I. The 
Indicator: its Construction and Application, 
tl Illustrations. 12mo. doth' Ol.CSO 
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ladioator Hamdbook. Part II. The Ih- 

dicator Dtaffram: its Analysis and Calculation. 
With tables and figrures. 12 mo, cloth, illus- 
trated 91. SO 

— liOsarlthms for Befflnners. Sto, boards, 90.50 



Slide Rule. A Praetleal Mamial of la- 
st ruction for all Users of the Modern Type of 
Slide Rule, containing: S.uccinct Explanation of 
the Principle of Slide-Rule Computation, to- 

frether with Numerous Rules and Practical 
llustrations, exhlbitinsr the Application of the 
Instrument to the Every^day Work of the 
Engrineer— ^ivil. Mechanical and Electrical. 
Seventh Edition. 12mo, flexible cloth, $1.00 

PLANE TABLE, THE. Its Uses la Topographi- 
cal Surveyinff. Prom the Papers of the United 
States Coast Survey. Illustrated. 8vo. cloth. 

ja.oo 

"This work gives a description of the Plane 
Table exnployed at the United States Coast 
Survey office, and the manner of usinflr It." 

PLATTNBR'S Maaval of ^Qualitative aad <liiaB- 

• titative Analysis with the Blow-pipe. Eigrhth 
Edition, revised. Translated by Henry B. 
Cornwall. E.M., Ph.D.. assisted by John H. 
Caswell. A.M. From the sixth German edition, 
by Prof. Friederich Kolbeck. With 87 wood- 
cuts. 463 paflres. 8vo, cloth net, 04.00 

PLTHFTOBT. Geo. "W., ProC The Aaerotd Bar- 
ometer: its Construction and Use. Compiled 
from several sources. Tenth Edition, revised 
and enlarged. 16mo, boards, illustrated, 90.50 

POCKET LOGARITlfMS, to Four Places of Deci- 
mals, includinjr LiOffarithms of Numbers, and 
Ltograrithmic Sines and Tangents to Slnflrle 
Minutes. To which Is. added a Table of Nat- 
ural Sines, Tanerents, and Co-tanffents. 16mo, 
boards fO.BO 

POPE, F. L. Modem Praeflee of the Bleetrle 

Telegraph.. A Technical Handbook for Elec- 
tricians, Managers and Operators. Fifteenth 
Edition, rewritten and enlarger, and fully il- 
lustrated. 8vo, cloth 91.80 

POPPtiETWELLv W. O. ElememtaiT Treatise aa 

Heat and Heat Engines. Specially adapted for 
eng^ineers and students of engineering. 18mo, 
cloth, illustrated 9S*00 

I Preveatlon of SmolKe» eomblaed wltk the 

Economical Combustion of Fuel. With dia- 
grams, flgrures and tables. 8vo, cloth. Illus- 
trated ^ net, 9S.S0 
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POTTER, T. Concrete. Itm Hue In Bnlldlns from 

Foundations to Finish. Third Edition, revised 
and enlarged. 138 Illustrations. 868 pp., 8to. 
cloth net. 



Practical Comwovadlns of OU«» Tallow and 

Grease, for liUbrlcatlon, etc. By an Expert 
Oil Reflner. 8vo, cloth net, 98.60 

Practical Iron Fovndlns. By the Author of 

"Pattern Making," etc. Illustrated with, over 
100 engrravinffs. Third Edition. 12mo, cloth. 
91.50 

PRATT, HBRBBRT. "Wlrlns a House. Pampli- 

let .* 90.M 

PRAY, T.y Jr. Twenty Years with the ladlcatori 

belnsr & Practical Text-book for the Bnffineer 
or the Student, with no complex Formulae. 
Illustrated. Syo, cloth 92 .50 

-Steam Tables and Bn^lne Constant. Com- 



piled from Heffnault, Hanklne and Dixon di- 
rectly, making use of the exact records. Svo, 
cloth 92 .00 

PRBESCB, JV. H. ESlectrlc I^amps In Press. 

a nd Stabbs, A. T. Manual of Telephony. 

Illustrations and plates. 12mo, cloth, 94.50 

PRBIilNI, C, C.SJ. Barth and Rock Excavation. 

A Manual for Engrineers, Contractors, and Bn- 

fineering: Students. With tables and many 
ias^rams and enflrravlngrs. Second Edition, 
revised. 8vo. cloth, illustrated net, 98.00 

■ Graphical Determination of Earth Slopes. 

Retaining Walls, and Dams. Svo, cloth, illus- 
trated, 136 pp net, 93.00 

TnaacHng. A Practical Treatise coatalnlas 

149 Working Drawlngrs and Flsrures. With 
additions by Charles S. Hill, C.E., Associate 
Editor "Bnffineeringr News." 311 pagres. Third 
Edition, revised. Svo, cloth, iUus 98.00 

Dredging. A Practical Treatise. . . .In Press. 

PBBMIBR CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B., Prof. Organic Analysis. A 

Manual of the Descriptive and Analytical 
Chemistry of certain Carbon Compounds in 
Common Use; a Guide in the Qualitative and 

guantitative Analysis of Orgranic Materials in 
ommercial and Pharmaceutical Assays, in the 
Estimation of Impurities under Authorized 
Standards, and in Forensic Examinations for 
Poisons, with Directions for Elementary Or- 
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ranic AnalyalB. Fifth Edition. 8vo. cloth. 
$S.M 

Analysis. A Guide In Qualitative WorkwftS 

Sri* TiSi?K^**r*°T*^ operations; \SaLborl- 
tory Methods In Inorganic Chemlatrv Siifii 

tlnHlf^? ««»*r«^d Idltlon. enuJllJ'rewrt^ 

Ivo 5£tS '®^ Improved methods of analysis, 
ovo, cioin n^^ fS.80 

---•ad SUIililTABT, B. C. (Univenlty of Mlekf. 

«»n) P rst Book In Qualltatlve^hemlstry 

Ho« ^S^*i5!u°I..Tr/^*®'^ Solution aSd mSs aJ: 

li2?h^^®*'^^ Edition, entirely rewritten; 12mo. 
®*®^" net, $1.80 

""^fS' -^i,, '>•■•«« of Electrical Bfaddaery. 8vo. 

cloth. Illus Ingress! 

^^^^^^/. ^\. ®- •"»• Mamifactiire of Blec^ 

tric-lljrht Carbons. Illustrated. 8vo; paper 

f©.©© 

PBOST, B« Manual of Chemical Aaalysla aa A»- 

Plled to the Assay of Fuels, Ores, Metals. AN 

i2?f;. ^^*"' K^ <**P®/ Mineral Products: T^aSi- 
lated from the original by J. C. Smith. Part I. 
Fuels. Waters. Ores. Salts, and offler mineral 

AnJ?5i''**L^''^^i"?S'' ^^^^ *I' Metals; Part III 
Ailoya 6V0, cloth net, 94«B0 



^^hWj 7^'^J^'^^\ Application of Graphic 

Methods to the^Deslffn of Structures. Specially 
prepared for the use of Engineers. *A Treat- 
ment by Graphic Methods of the Forces and 
Principles necessary for consideration in the 
Bridges, Trusses. Framed Structures, Wells. 
Brldires, Trusses. Framed Structures, Roofs. 
Dams, Chimneys, and Masonry Structures. 
12mo, cloth, profusely illustrated, net, $2.00 

PVIiSIFBR, W. H. Notes for a Htotory of I«cad. 

8vo, cloth, »ilt top ;....$4roo 

PUTSCH, A. Gaa and Coal-dvst Firing. A Crit- 
ical Review of the Various Appliances Pat- 
ented In Germany for this Purpose since 188S. 
With diagrams and flgrures. Translated from 
the German by Charles Salter. 8vo, cloth, il- 
lustrated net. $S.OO 

PYNCHON, T. B., Prof. Introdvctlon to Chend- 

cal Physics, desierned for the use of Acade- 
mies, Colleeres and Hi^h Schools. Illustrated 
with numerous encrravlnflrs. and containing 
copious experiments, with directions for pre- 
parlngr them. New Edition, revised and en- 
larflred, and illustrated by S69 wood en^rav- 
in^s. 8vo, cloth ....$S.0O 
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RADFORD, C. S., Ucvt. HaadboolK on NavaJ 

Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Navy, U. S. 
Marine Corps, and V. 8. Naval Reserves. Re- 
vised and enlarared, with the assistance of 
Stokely Morgran, Lieut. U. S. N. Third Edition, 
revised and enlargred. 12mo, flexible leather. ' 
...*. net, 92.09 

RAFTfiR, G. TV, Treatment of Septle Sewage 

(Van Nostrand's Science Series, No. 118). 16mo, 
cloth 90.80 

■ad BAKBR, M. N. Sewage Dlsvosal ia the 

United States. Illustrations and folding plates. 
New Revised and Bnlargred Edition. 4to. 
cloth 90.00 

RAIKE9, H. P. The Desljn, Constmetloii and 

Maintenance of Sewage Disposal Works. Se- 
iner a Practical Guide to Modern Methods of 
Sewage Purification. 414 pp., 8vo, cloth. 
net, 94^00 



Railway Shop Vp-to-Date. A reference hook 

of up-to-date American railway shop practice. 
Compiled by the editorial staff of the ''Rail- 
way Master Mechanic." With* innumerable fig- 
ures, diagrams and drawinga 248 PP.>_4t4^ 
cloth, illustrated net» 



RAMf O. S. The Incandescent Lamp and Its 

Manufacture. 8vo, cloth net, 9S.00 

RAMPf H. M. Foundry Praetlee In Press. 

RANDAI^Ii. P. M. anarta Opevatov's Handhook. 

New Edition, revised and enlarged, fully 11« 
lustrated. 12mo, cloth 93-^ 



RANDAU. P. BnamelB and Enamelling. An In- 
troduction to the preparation and application 
of all kinds of enamels for technical and artis- 
tic purposes. For enamel-makers, workers In 
gold and silver, and manufacturers of objects 
of art. Third German Edition. Translated 
by Charles Salter. With figures, diagrams and 
tablea 8vo, cloth. Illustrated net, 94.00 

RANKINBy W. J. Mm Applied Mechanics* Com- 
prising the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, 
and Machines. With numerous diagrams. Sev- 
enteenth Edition, thoroughly revised by W. J. 
Millar. 8vo, cloth 95.00 



i— Civil lEnglBcevlng. Comprising Bnglncorlng 

Surveys, Earthwork, Foundations, iCasonry, 
Carpentry, Metal-work, Roads, Railways, 
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Canals, Rivers, Water-works, Harbors, etc 
With numerous tables and Illustrations. 
Twenty-first Bditlon, -thoroughly revised by 
W. J. Millar. 8vo, cloth «e.M 

— — MaehlneiT and Mlllwork. Comprlalns tfee 

Geometry, Motions, Work, Strength, Construc- 
tion, and Objects of Machines, etc. With near- 
ly 300 woodcuts. Seventh Edition, thorousrhly 
revised by W. J. Millar. Svo. cloth . .fS.M 

—The Steam-ensine and Other Prime Movers. 

With diagram of the Mechanical Properties of 
Steam. Foldine plates, numerous tables and 
tllustrations. Fifteenth Sdition. thoroughly 
revised by W. J. Millar. Svo, cloth . . . .|».60 

i— Useful Roles and Tables for EBSlneen and 

Others. With Appendix, Tables, Tests and 
Formulae for the use of Electrical Engineers. 
Comprising Submarine Electrical Enslneerinflr, 
Electric Lighting and Transmission of Power. 
"By Andrew Janileson, C.E., F.R.S.B. Seventh 
Edition, thoroughly revised by W. J. Millar. 
Svo, cloth 94.00 

iBd BAMBBR, WL F^ CA. A Mechaaleal 

Text-book. With numerous illustrations. Fifth 
Edition. Svo, cloth ^...fS 



RAPHABL, F. C. I^ocallaatioa of Faults la Blee- 

trlc LlKht and Power Mains, with ^chapters on 
Insulation Testinsr. With figures and dia- 

frrams. Second Edition, revised. ' Svo, cloth. 
Ilustrated net, $8.00 

RATEAU, A. Bxperlmental Reaearches oa the 

Flow of Steam through Nozzles und Orifices, 
to which is added a note on the Flow of Hot 
Water. (Extralt des Annates des Mines, Janu- 
ary, 1902.) Authorized translation by H. Boyd 
Br y don. With figures, tables, and folding 
plates. Svo, cloth, illus. net, 91. 



RAU8E78BERGBR, F. The Theory of tho ReooO 

of Guns with Recoil Cylinders. Translated by 
Alfred Slater. 124 pp. 8 folding plates. Svo, 
cloth, illustrated net, 94JBO 

RAUTENSTRAUCH, TIT.. Prof. SyUahvs of I<ec- 

tures and Notes on the Elements of Machine 
Design. With blank pages for note-taking. 
Svo, boards, illustrated net. flJM 

a ad WIL.LIAMS, J. T. Maehiae Drattteg aad 

Empirical Design. A Textbook for Students in 
Engineering . Schools and Others who are be- 
ginning the study of Drawing as Applied to 
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Machine Desigm. Part I, Machlive Draftlnff. 

Illustrated, 70 pp., 8vo, cloth net. fl.25 

Complete in Two Parts. Part II In preparation. 

RAYMOND, B. B. Altematlns-cnmnt BbitIb- 

eeriner Practically Treated. With numerous 
dla^ama and flgures. Second Edition. 12mo. 
cloth net, $2.50 

RAYIVER, H. SUk Thretrlnfr and Waste 811k 

Spinning:. With numerous diag:rams and flR-- 
ures. 8vo, cloth, illus net, $2.50 

RKCIPKS for the Color, Paint, VamUh, Oil, Soap 

and Drysaltery Trades. Compiled by an Ana- 
lytical Chemist. 8 vo, cloth $3. SO 

RBCIPE9 FOR FLINT GLASS MAKING. BeloK 

Leaves from the mixing-book of several ex- 
perts In the Flint Glass Trade. Containing up- 
to-date recipes and valuable information as 
to Crystal, Demi-crystal, and Colored Glass in 
its many varieties. It contains the recipes for 
cheap metal suited to pressing:, blowing:, etc., 
as well as the most costly Crystal and Ruby. 
British manufacturers have kept up the qual- 
ity of this glass from the arrival of the Vene- 
tians to Hungry Hill, Stourbridge, up to the 
present time. The book also contains remarks 
as to the result of the metal as it left the pots 
by the respective metal mixers, taken from 
their own memoranda UT>on the originals. 
Compiled by a British Glass Master and Mixer. 
12mo. cloth net, 94 .60 

RBED'S ENGINEERS' HANDBOOK to the Local 

Marine Board Examinations for Certificates 
of Competency as First and Second Class En- 
gineers. By W. H. Thorn. With the answers 
to the Elementary Questions. Illustrated by 
358 diagrams and 37 large plates. Seventeenth 
Edition, revised and enlarged. 8vo, cloth, 95-00 

Krr to the Seventeenth Edition of Reed'a 

Engineers' Handbook to the Board of Trade 
* Examination for First and Second Class En- 
gineers, and containing the workings of all 
the questions given in the examination papers. 
By W. H. Thorn. 8vo, cloth 93.00 

— — Ua«fiil Hints to Sca-golng Engineers, and 

How to Repair and Avoid "Breakdowns;" also 
appendices containing Boiler Explosions, Use- 
ful Formulae, etc. with 42 diagrams and 8 
rlates. Third Edition, revised and enlarged. 
2mo, cloth 91.50 



58 D. VAN NOSTRAKD COMPANY'S 



—Marine Boilers. A Treatise on the Caiuee 

and Prevention of their Prlminsr* with Re- 
marks on their General Management. 12mo. 
cloth, illustrated fS.OO 

REINHARDT, C. 1¥. I^etterins for Dmftamea, 

Engineers, and Students. A Practical System 
of Free-hand Lettering for Working Draw- 
Ingrs. Revised and enlarged edition. T'wenty- 
ninth Thousand. Oblong boards 91.00 

The TechBle of Meehanlcal DmftlBK* A 

Practical guide to neat, correct and legible 
drawing, containing many illustrations, dia- 
grams and full-page plates. 4 to, cloth. iUus. 
91.00 

RJBISESRf F. Hardenlnip and Tempering of Steel, 

in Theory and Practice. Translated from the 
German of the third and enlarged edition, by 
Arthur Morris and Herbert Robson. Svo, 
cloth. 120 pages 92.50 

y. FaiJts In the Mannfnctnre of Woolen 

Goods and their Prevention. Translated from 
the second German edition, by Arthur Morris 
and Herbert Robson. Svo, cloth, illustrated. 
net, 92.50 

—Spinning and Weaving ealcnlatlons with 

special reference to Woolen Fabrica Trans- 
lated from the German by Chas. Salter. Svo. 
cloth, illustrated net. 95.00 

RBNW^ICK, W^. G. Marble and Marble "Working. 

A handbook for architects, sculptors, marble 
quarry owners and workers and all engaged 
in building and decorative industries. 250 pp. 
72 illustrations. 13 colored plates. Svo, cloth. 
net, 95.00 

RICE, J. M., and JOHNSON, W. W^. On a New 

Method of Obtaining the i>ifFerential of Func- 
tions, with especial reference to the Newton- 
ian conception of Rates or Velocities. 12mo, 
paper 90.50 

RICHARDS, F., and COLVIN, F. H. Perspective, 

Practical, (Isometric). Flexible cloth ...90.50 

RICHARDSON, J. A Practical Treatise on tl. 

Theory Design. Conatruotion and Use of 
The Modern Steam Enerlne. 380 pp. 293 
illustrations. SVo, cloth net, 9&M 

—— S. S. Margnetlam and Blectrldty and thm 

Principles of Electrical Measurement 314 Q* 
lustrations, 604 pp. l^mo, cloth.... qoU 
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RIDEAL, S., D.Sc. Give and Give Testins, with 

flerures and tables. 8vo, cloth, illustrated. 
net. $4.00 

RIPPJBR, !¥. A CQvne of iBstmction In Ma-> 

chine Drawings for Technical Schools and En- 
erineer Students. With 52 plates and numer- 
ous explanatory ensrravinss. Folio, cloth, 
net, 90.00 

ROBERTS, J., Jr. Laboratory IVork la Klectrl- 

cal JBnslneering. (Preliminary Grade.). A series 
of Laboratory ESxperiments for First and Sec- 
ond Year Students of Electrical Ensrineerinff. 
With Figrures, Diagrams and Tables. 8vo, 
cloth, illustrated net. «24>0 

ROBERTSON, Ij. S. IVater-tulic Bollera. Baaed 

on a short course of Lectures delivered at Uni- 
versity Colleg:e, London. With upward of 
170 Illustrations and diagrrams. 8vo. cloth, il- 
lustrated 



ROBIlVSOBTr J. B. Arehttectiiral CompoaltlOB. Am 

attempt to order and phrase ideas which hith- 
erto had been only felt by the instinctive 
taste of desigrners. 8vo, cloth, 28S pp.. 173 il- 
lustrations net. 



S. IV. Practical Treatise oa the Teeth of 

Wheels, with the theory and the use of Rob** 
Inson's Odontoffraph. Third Edition, revised, 
with additions. l$mo, cloth, illustrated. (Van 
Nostrand's Science Series.) %>.S0 

ROEftoliING, J. A. lioas aad Short Span Rall« 

way Bridges. Illustrated with largre copper- 
plate engrravings of plans and views. Imper- 
ial folio, cloth S254>0 

ROGERSy AliLEN. A Laboratory Guide of. In- 
dustrial Chemistry. Illustrated. 170 pp. 8vo, 
cloth net, (IJtO 

■ ■ and AVBERTy A. B.* Indnstrlal Ohemlatrj. 

Written by a staff of eminent specialists. 
• In PresSr 

ROLLINS, W. Notes on X-Llffht. l¥ith 1S2 fall- 

pagre plates. 8vo, cloth, illustrated, net, 97JSQ 

ROSE. J., M.B. The Pattem«maker«> Aaalatant. 

Embracing Lathe Work. Branch Work, Core 
Work, Sweep Work and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
togrether with a largre collection of useful and 
valuable Tables. Ninth Edition. With 250 
engrravinffs. 8vo, cloth 92.80 
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——Key to BuflTlnea and Elttirlne-niBniBflr* A 

Practical Treatise upon the Manafirement of 
Steam-engrines and Boilers for the use of those 
who desire to pass an examination to take 
charg'e of an eng^ine or boiler. With numerous 
illustrations, and Instructions upon En^neers* 
Calculations, Indicators, Diagrrams, fSng'ine 
Adjustments and other Valuable Information 
necessary for Eng^ineers and Firemen. 12mo. 
cloth. lUus 92. SO 

K. The Predoiu Metals. Conq^xtelBip 

j?old, silver, and platinum. 4'6 illustrations. 
8vo. cloth, 311 pp. (Van Nostrand's Westmin- 
ster Series.) - net. 



ROSfiNHAIN, IV. Glam Maniifactiire. Illnatrat- 

ed. 8vo, cloth, 175 pp. (Van Nostrand's West- 
minster Series.) net. 



ROSSITBRf J. T. Steam Bnslaee. 8to« eloth. 

(Van Nostrand's Westminster Series.) 
In Press. 

Pumps and Pn mp tog Maehlaevy* SrOf <doth. 

(Van Nostrand's Westminster Series.) 
in V 

ROTH. Physical Chemistry Ta Press. 

ROUIIiLION, LOUIS. Cams. The Draftlnflr of. 

Pamphlet 90.26 

Manual Tralnlngr. The Bconomlcs of. A 

9tudy of the Cost of Equippingr and Maintain- 

itie Hand Work in the Elementary and Sec- 
ondary Schools. 8vo, cloth $2.00 

ROWAN, F. J. The Practical Physics of the 

Modern Steam-boiler. With an Introduction 
,by Prof. R. H. Thurston. With numerous il- 
lustrations and diagrrams. 8vo, cloth, illus- 
trated 97 .SO 

RUHMBR, ES. 'Wireless Telephony In Theory and 

Practice. Translated from the German by 
James Erskine-Murimj. With an / 
by the Translator, and numerous figrures and 
half-tones. Illustrated. 224 pp., 8vo. fin* 
net. $S.M 

RUSJIEI.T.. AI.RXANnRR. The Theory of Filer- 

trie Cables and Networks. 71 illustrations. 
279 pp. 8vo. cloth net, 9t.00 

SABINE, R. History nnd Proff-ress of the Elee- 

trie Telegraph. With descriptions of some of 
the apparatus. Second Edition, with additions. 
12mo, cloth 91.25 
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SAJBliTZBR, A. Treatise on Acovstlca In Con- 
nection with Ventilation. 12mo, cloth, $1.00 

SALiOMONSf Sir D., M.A. Electrtc-lliTht Iiuitalla- 

tions. A Practical Handbook. With numerous 
illUBtrationa. Vol. I., The Maaafement of Ac- 
cumulators. Ninth Edition, revised and mostly 
rewritten. 12mo, cloth 91. BO 

Vol. II. Apparatus. Seventh Edition, revised 
and enlarged. 296 lllus, 12mo, cloth.... fa.2S 

Vol. III. Applications. Seventh Edition, re- 
vised and enlarged. 12mo, cloth 91.60 

Management of Aecnmulators. A Pmctleal 

Handbook. Ninth Edition, revised. (An edi- 
tion, mostly rewritten, of Volume I of Electric 
Liisrht Installations and the Management of 
Accumulators.) With figures and plates. 
12mo, cloth, illustrated net, 92.50 

SABTFORD, P. G. Nltro-e3q>]o«lvea. A Practical 

Treatise concerning the f'roperties, Manufac- 
ture and Analysis of Nitrated Substances, in- 
cluding the Fulminates, Smokeless Powders 
and Celluloid. Second Edition, revised and 
enlarged. 8vo, cloth net, 94.00 

SAUNDERS, C. H. Handbook of Practical Me- 
chanics for use in the Shop aild Draughtlng- 
room; containing Tables, Rules and Formulae, 
and Solutions or Practical Problems by Simple 
and Quick Methods. 16mo. limp cloth, 91.00 

SAUNNIER, C. Watchmaker's Handbook. A 

Workshop Companion for those engaged In 
Watchmaiking and allied Mechanical Arts. 
Translated by J. TrlppUn and E. Rlgg. Sec- 
ond Edition, revised, with appendix. 12mo. 
cloth 98.00 

SCHELLEX, H.y Dr. Magneto-electric and Dyna- 
mo-electric Machines: their Construction and 
Practical Application to Electric Lighting, and 
the Transmission of Power. Translated from 
the third German edition by N. S. Keith and 
Percy Neymann, Ph.D. With very large ad- 
ditions and notes relating to American Ma- 
chines, by N. S. Keith. Vol. I. with 353 illus- 
trations. Second Edition. 8vo, cloth, 95.00 

SC'HFIRER. R. Casein t Its Preparation and 

Technical Utilization. Translated from the 
German by Chas. Salter. 8vo, cloth. Illus- 
trated net, 98.00 
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SCHMAI^L, C. N. Flnt Connie ta Analytic Ge- 
ometry, Plane and Solid, with Numerous Ex- 
amples. Containing flffures and diagrams. 
12mo, half leather, illustrsied net, $1.75 

and SHACK, S. M. ti.ienient« of Plaae Ge- 
ometry. An £:iementarv Treatise. With many 
examples and diasrraiiiM. 12rno. half leather, 
illustrated net, $1.25 

SCHMBGR, lionls. Flow of Water i A New The- 
ory of the Motion of Water under Pressure, 
and in Open Conduits and its Practical Appli- 
cation. 8yo, cloth, illustrated In Press. 

SCHUMANN, F. A Manual of Heatlnv and Ven- 
tilation in its Practical Application, for . the 
use of Engineers and Architects. Embracinsr &> 
Series of Tables and Formulae for Dimensions 
of Heating:, Flow and Return Pipes for Steam 
and Hot- water Boilers, Flues, etc. 12mo, il- 
lustrated, full roan $1. 



SCHWIBBIZBR, V. Distillation of Resins, Realn- 

ate Lakes and Piffments; Carbon Plerments and 
Pigments for Typewriting Machines, Manifold- 
ers, etc. A description of the proper methods 
of distilling resin-oils, the manufacture of 
resinates, resin -varnishes, resin-pigments and 
enamel paints, the preparation of all kinds of 
carbon pigments, and printers* ink, litho- 
graphic inKS and chalks, and also inks for 
typewriters, manifolders, and rubber staxnpa 
With tables and 68 figures and diagrams. Svo, 
cloth, illustrated net, $S.60 

SCRIBNBR, J. M. Engineers' and Meehanles' 

Companion. Comprising United States Weights 
and Measures, Mensuration of Superflces and 
Solids, Tables of Squares and Cuoes, Square 
and • Cube Roots, Circumference and Areas of 
Circles, the Mechanical Powers, Centres of 
Gravity, Gravitation of Bodies, Pendulums, 
Specific Gravity of Bodies, Strength, Weight 
and Crush of Materials, Water-wheels, Hydro- 
statics, Hydraulics. Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables 
of the Weight of Metals, Scantling, etc., Steam 
and Steam-engine. Twenty-first Edition, re- 
vised. 16mo, full morocco $1.60 

SBATON. A. B. A Manual of Martne Engineer- 
ing. Comprising the Designing. Construction 
and Working of Marine Machinery. With 
numerous tables and illustrations reduced 
from Working Drawings. Sixteenth Edition, 
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revised throughout, with an additional chapter 
on Water- tube Boilers. Svo, cloth.. net. 



lad ROUNTHWAITB. H. M. A Pocket-book 

of Marine Engineerlngr Kules and Tables. For 
the use of Marine Engrineers and Naval Archi- 
tects, DeslffnerSj Drauffhtsmen, Superintend- 
ents and an en^asred in the desi^rn and con- 
struction of Marine Machinery, Naval and 
Mercantile. Seventh Edition, revised and en- 
larged. Pocket size. Leather, with dlasrrams. 
tS.M 

SEIDBIiL, A. (Bareav of CbenUstvy* ^Vnaih^ D. 

C). Solubilities of Inorfiranlc and Organic 
Substances. A handbook of the most reliable 
Quantitative Solubility Determinations. 12mo, 
cloth, 867 pp net, fS.OO 

SISTER, 6. F., Prof. Eleetrle BBSlaeerlns Kx- 

periments and Tests on Direct-current Ma- 
chinery. With dlagrrams and figrures. Second 
edition, revised and enlargred. 8vo pamphlet, 
illustrated, 75 pp net, 91.00 

and TOIVNSEND, F. laboratory and Fac- 
tory Tests in Electrical Bngineeringr. Second 
Edition, revised and rewritten. 8vo, cloth. Il- 
lustrated, 269 pp net, 92.50 

SBWALIi, C. H. Wireless Telegnrapby.^^Wltli 

dlaerrams and engravings. Second Edition, 
corrected. 8vo. cloth, illustrated ...net, 92.00 

— — -liesMons la Telegraphy. For use as a Text- 
book in schools and coUegres. or for individual 
students. Illustrated. 12mo, cloth 91.00 

SE'WBLli, T. Elements of Electrical En^aeer- 

Ingr. A First Year's Course for Students. Sec- 
ond Edition, revised, with additional chapters 
on Alternating-current Working and Appen^ 
dlx of Questions and Answers. With many 
diagrams, tables and examples. 8vo, cloth, il- 
lustrated, 432 pages net, 93.00 



CoaatractloB of Dyaamos (Alternatlog 

and Direct Current). A text-book for students, 
engineer-constructors. and electriclans-ln- 
charge. 8vo, cloth., lllus., 316 pp. ..net, 93.00 

SEXTON, A. H. Fnel aad Refractory Materials. 

8vo, cloth 92.00 

—Chemistry of the Materials of Easlneerlaa. 

A Handbook for Engineering Students. Witn 
tables, diagrams and illustrations. 12iao, 
cloth, Illustrated » • • ^ . . • • t • .fa.M 
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—Ah Ontllne of the Metallvmr of Itom mmM 

Steel. niustratedL 620 pp. 8vo. cloth. 
net, 9«JM 

SBTMOUR, A. Practical LithoffraphT. With 

flffurea and engravingrs. 8vo, cloth. Illustrated. 
net. S2 . SO 

SHA'W, P. B. A Finit-7car GoarMe of Practical 

Maffnetism and Electricity. Snecially adapted 
to the wants of Technical Students. Inter- 
leaved for note-takingr. 8vo, cloth, illuBtrated. 
net. $1.00 



a . The Hfatory of the StalTordahlre Potter- 

ies. and the Rise and Progrress of the Manu- 
facture of Pottery and Porcelain :• with ref- 
erences to genuine specimens, and notices of 
eminent potters. A re-issue of the origrlnal 
work published in 1829. 8yo. cloth, illustrated. 
net. $3.00 

Chewilstry of the Several Natural and Arti- 
ficial Heterogreneous Compounds used in Man- 
ufacturing Porcelain. Glass and Pottery. Re- 
issued in Its origrlnal form, published In 1837. 
8vo, cloth net. 95. OO 

SIIELDOIV, S., Ph.D., and MASON, H.. B.S. Dr- 

namo-electric Machinery: its Construction, De- 
.slgrn and Operation. Direct-current Machines. 
Seventh Edition, revised. 8vo, cloth. Illustraed. 
net, 92.80 

SHFXDON. S., MASON. H.. and HAUSMANN. B. 

Alternatingr-current Machines: belngr the sec- 
ond volume of the authors' "Dynamo-elec- 
tric Machinery: its Construction, Desiirn and 
Oneratlon." "With mar^v diacrrams and flffure«. 
^'Binding uniform with volume T.) Seventh. 
•Edition, completely rewritten. 8vo. cloth. Il- 
lustrated net, 9S-80 

^IfflKLDS. J. B. Notes on Bnsrlneerlnfc Con- 

.struction. Embracing^ Discussions of the Prin- 
ciples Involved, and Descriptions of the Ma- 
terial employed In Tunnellnflr. Bridgrlng:, Canal 
and Road Buildingr. etc. 12mo. cloth ...91.50 

S'TOCK, IV. V, Steam Boilers t their Deslsrn, 

Construction and Manag:ement. 4to, half mo- 
rocco 91B • 00 

SHRBVB, S. H. A Treatlne on the Streasrth of 

Bridgres and Roofs. Comprlslngr the determin- 
ation of aleebralc formulas for strains in 
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Horizontal, Inclined or Rafter, Trianerular, 
Bow-strlnsf, Lenticular and other Trusses, 
from fixed and moving loads, with practical 
applications and examples, for the use of 
Students and Eng-lneers. 87 wood 'Ut Illustra- 
tions. Fourth Edition. 8vo, cloth 98.50 

SHUNK, "W, P. The Field Bn^tneer. A Handy 

Book of practice In the Survey, Location and 
Track-work of Railroads, containing: a largre 
collection of Rules and Tables, origrlnal and 
selected, applicable to both the Standard and 
Narrow Gauge, anu prepared with special ref- 
erence to the wants of the young engineer. 
Nineteenth Edition, revised and enlarged. 
With addenda. 12mo, morocco, tucks ...92. 50 

SIMMS, F. W. A Treatise on the Prlnclplea and 

Practice of Leveling. Showing Its application 
to z)urpose< of Railway Engineering, and the 
Corstruction of Roads, etc. Revised and cor- 
fOAtod. with thft andition of Mr. Lawn' l>r»-.«i, 
<*a1 ExamDlos for sottlns: nut Ratl^vav nufv^a. 
Illustrated. 8vo. cloth S2 .50 

fraetlcal Tunneling. Fourth Edition. Re- 
vised ana greatly extended. With additional 
riiapters illustrating recent practice by D. 
Kinnear Clark. With 36 plates and otb3r Il- 
lustrations. Imperial 8vo, cloth $8.00 

SIMPSON, G. The Naval Conatmctor. A Vade 

Mecum of Ship Design, for Students, Naval 
Architects, Ship Builders and Owners. Marine 
Superintendents. Engineers and Draughtsmen. 
12mo, morocco, Illustrated. 500 pages, net, $5.00 

SINCIiAIR, ANGUS., Mem. Am. See. Mech. Eng'rn. 

Development of the Locomotive Engine. Be- 
ing a history of the growth of the locomotive 
from the most elemental forms, with biograph- 
ical sketches of the eminent engineers and 
inventors. Half leather $6.00 

SINDALL, R. W. The Manvfaetnre of Paper. 

58 illustrations. 8vo, cloth, 285 pp. (Van 
Nostrand's Westminster Series.) net, 92.00 

SLATER* J. W. Sewage Treatment, Pnrlllcatlon 

and Utilization. A Practical Manual for the 
Use of Corporations. Local Boards. Medical 
Officers of Health, Inspectors of Nuisances, 
Chemists. Manufacturers, Riparian Owners. 
Engineers and Rate-payers. 12mo, cloth, $2^25 

SI^OANB, T. 0*C. Blementary Bleetrleal Calcu- 
lations: a manual of simple engineering math- 
ematics* covering the whcrie field of direct 6ur- 
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rent calculations, the basis of alternating cur- 
rent mathematics, net works and typical cases 
of circuits, with appendices on special sub- 
jects. 314 pp. 12mo, cloth, illustrated. 
net. 



SAITH. F. B. Hmsdbook of Qenend Ia»traettoH 

for Mechanics. Rules and formulae for prac- 
tical men. 12mo, cloth, illus., 324 pp., net, 91. BO 

1 . W.. C, BS. The Theory of Deflcetloas and 

of latitudes and Departures. With special 
applications to Curvilinear Surveys, for Align- 
ments of Railway Tracks. Illustrated. 16mo. 
morocco, tucks 9BJ0O 

■ J . C. Manufacture of Paint. A Pmettcal 

Handbook for Paint Manufacturers, Merchants 
and Painters. With 60 illustrations and one 
large diagram. 8vo, cloth net, 9S.00 

■ W . Chemistry of Hat BfanvfacturlBsr; Ijer- 

tures delivered before the Hat Manufacturers' 
Association. Revised and edited by Albert 
Shonk. 12mo, cloth, illustrated . . . .net, 9S.00 

SNBSLIi, A. T. Blectrle Motive Powert The 

Transmission and Distribution of Electric 
Power by Continuous and Alternate Currents. 
With a Section on the Applications of Elec- 
tricity to Mining Work. Second Edition. 8vo, 
cloth, illustrated net. $4.00 

8NOW. W. O. Pocketbook of Steam Heating and 

Vt ntllatlon In Press. 

and BTOIiABT, T. Vcntnatloii of Buildings. 

16mo, cloth (Van Nostrand's Science Series.) 
fOJM) 

SODDY. F. Radioactivity t An Elemeutary Trea- 
tise irom the standpoint of the disintegration 
theory. With 40 figures and diagrams. 8vo. 
cloth, illustrated net. IIS.00 

SOLOMOBT. M. Electric Lamps. 113 lllustratloiis. 

8vo. cloth. 339 pp. (Van Nostrand's Westmin- 
ster Series.) net, 92.00 

SOTHERN, J. W. The Marine Steam Turbine. A 

practical description of the Parsons Marine 
Turbine as now constructed, fitted and run, in- 
tended for the use of students, marine engi- 
neers, superintendent engineers, draughtsmen, 
works managers, foremen, engineers and oth- 
ers. Third Edition, rewritten up to date and 
greatly enlarged. 180 illustrations and fold- 
iQf platfs, 868 pp. 8vo, oloth n«t» 9Q«00 
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SOZHLIBT* D. H. Art of DyelnK and StslalBK 

Marble, Artificial Stone. Bone, Horn. Ivory and 
Wood, and of Imitating all sorts or Wood. A 

Practical Handbook for the use of Joiners, 
urners. Manufacturers of Fancy Goods. Stiok 
and Umbrella Makers, Comb Makers, etc. 
Translated from the Qerman by Arthur Mor- 
ris and Herbert Robson, B.Sc 8vo. cloth, 170 
pases net. $2.50 

SPANG, H. "W. A Praetlcal Treatise on Llvkt- 

nlnff Protection. With flffures and diagrams. 
12mo, cloth fl.OO 

SPBYBRS. C. li.. Text-book of Physical Ckem- 

Istry. 8vo, clotl) $2.26 

STAHIi, A. -W^ and UTOODS, A. T. Blememtary 

Mechanism. A Text-book for Students of Me- 
chanical Engrineerlngr. Fifteenth Edition. 12mo, 
cloth $2.00 

STALBSTt C, aad PIBSRSOlf. G. 8. Tke Separate 

System of Seweragre: Its Theory and Construc- 
tion. Third Edition, revised apd enlarred. 
With chapter on Sewagre Disposal, with 
maps, plates and illustrations. 8vo, cloth, $8.00 

STABTDAGBy H. C. Leatherworkera* Maavalt 

being a Compendium of Practical Recipes and 
Working Formulae for Curriers. Boot-makers, 
Leather Dressers, Blacking Manufacturers, 
Saddlers, Fancy Leather Workers, and all per- 
sons ensraffed In the manipulation of leather. 
8vo, cloth net. $8.80 



— ^-SeallBK 'Waxes, 'Wafers, and Other Adhe* 

sives. For the Household, Office, Workshop 
and Factory. 8vo, cloth, 96 pagres, net, $2.00 

A jgglwtlaaats of all Kinds for all Porpooea. 

18mo, cloth, 267 pp $8.80 

STAN SBIB, J. H. Iron and SteeL With tables 

and 86 flerures and dia gr ams. 375 pp. Illus- 
trated. 12mo, cloth. (Westminster Series) 
net, $2.00 

STBTENS, H. P. Paper MIU Chemist. 07 lUvs- 

tratlons. 82 tables. 280 pp. 16mo. cloth. 
net. $1,60 

STBHrART, A. Modem Polyphase Maehlaery. 

With diagrams and engravings. 12mo, cloth, 
illustrated net, $2.00 

STILES, A. Tables for Field Bagtaeers. De- 

led for Use in the Field. Tables containing 
the Functions of a One Degree Curve, from 
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which a corresponding one can be found for 
any requin-d Degree. Also. Tables of Natural 
Sines and Tangents. 12mo, cloth fl.OO 

STILLMAiX, P. Steam-ensine Indicator and the 

Imuroved Manoi/ieter Steam and Vacuum 
Gauges r their Utility and Application. New 
Edition. 12mo, flexible cloth 91.00 

STODOLA, Dr. A. Steam Tnrblne.H. With an 

appendix on Gas Turbines, and the future of 
Heat Engines. Authorized translation by Dr 
h?*^i?»P^- Loewenstein (Lehigh University)." 
With 241 cuts and 3 lithographed tables. Svo, 
cloth, illustrated net. $5.00 

STONE, HBRBBRT, P.L.S., S'.R.C.I. The Timbers 

of Commerce and their Identification. With 
186 Photo-Micrographs. Svo, cloth IB.eSO 

— r'^^t ^S^7' , 5*^ Roadfi and JUmd Ijawa 

in the United States. 200 pages, with num- 
erous illustrations. 12mo, doth fl.oo 

SVDBOROUGH, J. J., and JAUBS, T. C. Praetl- 

cal Organic Chemistry. 92 Illustrations. 394 
. pp., 12mo, cloth jiet, 92.00 

SUFFIiING, IS. R. Treatine on the Art of Glaira 

Painting. Prefaced with a Review of Ancient 
Glass. With engravings and colored plates. 
Svo, cloth net, $3.60 

SWABT, K. The Law and Commercial Vaase of 

Patents, Designs and Trade Marks. 402 pp., 
Svo, cloth. (Van Nostrand's Westminster Se- 
ries.) :net, $2.00 

SWEBT, S. H. Special Report on Coal, Showing 

its Distribution, Classification, and Costs de- 
livered over Different Routes to Various 
Points in the State of New York and the 
Principal Cities on the Atlantic Coast.. With 
maps. Svo, cloth fS.OO 

SWOOPE, C. \V. Practical LcMonii in Electric- 
ity: Principles, Experiments, and Arithmetical 
Problems. An Elementary Text-book. With 
numerous tables, formulae, and two large In- 
struction plate.s. Svo, cloth. Illustrated. 
Tenth Edition, revised. net, 92.00 

TAILFER, L. Practical Treatine on the Bleach- 
ing of I..lnen and Cotton Yarn and ♦Fabrics. 
With tables and diagrams. Translated from 
the French by John Geddes Mcintosh. Svo, 
cloth, illustrated ....net, $5.00 

TEMPLBTON, 1%'. The Practical Mechanic** 

Workshop Companion. Comprising a great 
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variety of the most useful rules and formulae 
In Mechanical Science, with numerous tables 
of nractical data and calculated results facili- 
tating mechanical operations. Revised and 
enlarged by W. S. Hutton. 12mo, morocco. 
92.00 

TBRRY, H. Ij. India Rnbber and Its Mannfac- 

ture. With chapters on Gutta-Percha and Ba- 
lata. With flfiTures. Illustrated. 284 pp., 8v0p 
cloth net, 92.00 

THOM, C, and JONGS, W. H.- TelevnpUc Con- 
nections: 'embracing Recent Methods in Quad- 
ruplex Telegraphy. 20 full-page plates, some 
colored. Oblong, 8vo, cloth 91.tM> 

THOaiAS, C. "W. Payer-makera' Handbook. A 

Practical Treatise. Illustrated In Press. 

THOMPSON, A. B. OU Field* of Rn«sla and tbe 

Russian Petroleum Industry. A Practical 
Handbook on the Exploration, Exploitation, 
and Management of Russian Oil Properties, 
Including Notes on the Origin of Petroleum 
in Russia, a Description of the Theory and 
Practice of Liquid Fuel, and a Translation of 
the Rules and Regulations concerning Russian 
Oil Properties. With numerous illustrations 
and photographic pilates and a map of the 
Balakhany-Saboontchy-Romany Oil Field. 8vo, 
cloth, Illustrated net, $7. SO 

E . P., llf.E. How to 9Iake Inventions t or. 

Inventing as a Science and an Art. A Prac- 
tical Guide for Inventors. Second Edition, 
ivo, boards fO.tM) 

^IV. P. Handbook of FateiKt Law of All 

Countries. Thirteenth Edition, completely re- 
vised, March, 1905. 16mo, cloth 91.60 

THORNLEY, T. Cotton Combing Machines. 

With Numerous tables, engravings and dia- 
grams. 8vo, cloth, illustrated, 343 pages. 
net, $3.00 

THURSO, J. W. Modem Turbine Practice and 

Water-Power Plants. . With eighty-eight fig- 
ures and diagrams. 8vo, cloth, illustrated. 
Second Edition, revised net, 94.00 

TINNEY, W. H. Gold-mining Machinery; Its 

Selection, Arrangement, and Installation. A 
Practical Handbook for the use of Mine Man- 
agers and Engineers. With a chapter on the 
Preparation of Estimates of Cost. 8vo. cloth, 
illustrated, 308 pp net, 95.00 
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TITHERIiEY, PROF. A. "W, LabonitoiT Covrae 

of Organic Chemistry, Includingr QualltatlTe 
Orgranic Analysis. With figures. 8vo. Cloth. 
Illustrated net, $2.00 

TOCH, M. ChemlstiT and Technolopry of Mixed 

Paints. With 60 Photo^microsrraphs and Kn- 
erraviners. 8vo, cloth., lllus., 166 pp., net, fS.OO 

TODD, J., and IVHALL, "W. B. Pmetlcal Sea- 
manship for Use In t^e Merchant Service: in- 
cluding all ordinary subjects; also Steam 
Seamanship, Wreck Lifting. Avoiding Colli- 
sion. Wire SpHclner. Displacement and every- 
thingr necessary to be known by seamen of the 
present day. Fifth Edition, with 247 illus- 
trations and dlaerrams. 8vo, cloth, net, #7.6(0 

TOIVGB. J. Coal. With Ffsrareii, Half-tones, Ta- 
bles and maps. Illustrated. 276 pp., 8vo, cloth. 
9S.00 

TOOTHED GEARING; A PraeUcal Handbook 

for Offices and Workshops. By a Foreman 
Patternmaker. 184 illus. l2mo, cloth ...f2.25 

TRANSACTIONS of the Amerieaa Instltwte of 

Chemical Engrlneers. Vol. I for 1908. 8vo, 
cloth net. f6.00 



TRATMAN, E. E. R. Railway Track aad Traek- 

work. With over 200 illus. Svo, cloth.. fSJSO 

TRAVERSE TABLE, Showing I^atltade and De- 
parture for each Quarter Degrree of the Quad- 
rant, and for Distances from 1 to 100, to which 
is appended a Table of Natural Sines and Tan- 

fents for each Ave minutes of the Quadrant. 
Reprinted* from Scribner's Pocket Table 
Book.) Van Nostrand's Science Series. 16mo, 

cloth fO.BO 

Morocco 91.00 

TRINKS, W., aad HOUSVM, C. Shaft GoTemon. 

16mo, cloth, illustrated. (Van Nostrand's 
Science Series.) $0.50 

TUCKER, J. H., Dr. A Manual of SaKar Analy- 
sis, includingr the Applications in General of 
Analytical Methods to the Sufrar Industry. 
With an Introduction on the Chemistry of 
Cane-Suerar, Dextrose, Levulose, and Milk- 
Suerar. Sixth Edition. Svo, cloth, Illus. ..$8.60 

TVMLIRZ, O., Dr. Potential and Its Application 

to the Explanation of Electrical Phenomena. 
Popularly Treated. Translated from the Ger- 
man by D. Robertson. 12mo, cloth, ill. 91.25 
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TVNNER, P. A. Treatlae on RoU-tanlns for 

the Manufacture of Iron. Translated and 
adapted by John B. Pearse, of the Pennsylva- 
nia Steel Works, with numerous enfirravlnffs. 
wood-cuts. 8vo, cloth, with folio atlas of 
plates 910.00 

TURBAYNE. A. A. Alphabets and Nnmerals. 

With 27 plates. 4to, boards $2.00 

TlTRRIIiL, S. HI. Aa SSlementary Coana la Per- 
spective In Press. 

X'NDBRHILL, C. R. Solenoids* Electromasnets 

and Electromagrnetic Windings. Illustrated. 
8vo, cloth In Press 

VRdUHART, J. Hr. Electrle IJ«bt Flttlnsr. Em- 
body ingT Practical Notes on Installation Man- 
agement. A Handbook for Working Electrical 
Engrineers. With numerous illustrations. 12mo, 
cloth $2.00 



Electro-plating. A Practical Haadbook on 

the Deposition of Copper, Silver, Nickel. Gold, 
Brass, Aluminum, Platinum, etc. Fourth Edi- 
tion. 12mo 92.00 

E lectrotyplng. A Practical Hanval Forming 

a New and Systematic Guide to the Reproduc- 
tion and Multiplication of Printiner Surfaces, 
etc. 12mo $2.00 

——Electric Ship Lighting. A Handbook on the 

Practical Fittlner and Running of Ship's Elec- 
trical Plant. For the Use of Ship Owners and 
Builders, Marine Electricians and Sea-sroing 
- Engineers-in-Cbarge. Illus. 12mo, cloth, 9S.00 

UNIVERSAIi TELEGRAPH CIPHER CODE. Ar- 
ranged for General Correspondence. 12mo, 
cloth f 1.00 

VACHER, F. Food Inspector's Handbook. A 

practical guide for medical officers, meat In- 
spectors, army officers, students and others. 
Fifth Edition. 75 illustrations. 289 pp., 12mo, 
cloth net. $2^50 

VAN NOSTRAND'S Chemical Annnal, based on 

Biedermann's "Chemiker Kalender." Edited 
by Prof. J. C. Olsen. with the co-operation of 
Eminent Chemists. Revised and Enlarged. 
Second issue 1909. 12mo. cloth net. faJtO 

—Year Book of Mechanical Engineering Data. 

With many tables and diagrams. (First year 
of 188U0 Of 1910.) ...In ProM. 
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VAN WAGS2NB3N. T. F. MaBval of HTdmnlle 

Mlnlngr. For the Vne of the Practical Miner. 
Revised and enlarged editioft. 18mo, cloth. 
91.00 

VEGA, VON (Baron). Loffarlthmle Tables of 

Numbers and Trlgronometrlcal Functions. 
Translated from the 40th. or Qr. Bremiker's 
thoroughly revised and enlarged edition, by 
W. L. F. Fischer, M.A., F.R.S. Eighty-first 
Edition. 8vo» half morocco f2.B0 

VILLON, A. M. Practical Treatise on the 

Leather Industry. With many tables and il- 
lustrations and a copious Index. A transla- 
tion of Villon's "Traite Pratique de la Fabrica- 
tion des Cuirs et du Travail des Peaux," by 
Frank T. Addyman, B.Sc. 8vo, cloth, illus- 
trated net. 910.00 

VINCENT, C. Ammonia and Its Compounds t 

their Manufacture and Uses. Translated from 
the French by M. J. Salter. 8vo, cloth, Illus- 
trated net, IS .00 

VOLK, C. Hanlaire and \%lndlns Appliances 

TTsed in Mines. With plates and engravings. 
Translated from the German. 8vo, cloth, il- 
lustrated net, f4.00 

VON GEORGIEVIC8, G. Chemical Technolosry 

of Textile Fibres: their Origin, Structure, 
Preparation, Washing, Bleaching, Dyeing, 
Printing, and Dressing. Translated from the 
German by Charles Salter. With many dia- 
grams and figures. 8vo, cloth, illustrated. 

306 pages net. t4.60 

Contents: — The Textile Fibres; Washing. 
Bleaching, and Carbonizing; Mordants and 
Mordanting; Dyeing, Printing, Dressing and 
Finishing; Index. 

'hemlstry of Dyestnffs. Translated from 

the Second German edition by Chas. Salter. 
8vo, cloth, 412 pages net, 94.60 



WABNER, R. VentUation In Mines. Translated 

from the German by Charles Salter. With 
plates and engravings. 8vo, cloth, illustrated, 
240 pages net, 94-BO 

WADE.E. J. Secondary Batteries i their The- 
ory, Construction and use. With innumerable 
diagrams and figures. 8vo. cloth, illustrated, 
492 pages net, $4*00 

WALKER, F., CE. Aerial Navlsatlon* A Pnic- 

tical Handbook on the Construction of Dirigi- 
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ble Balloons, ▲erostats. Aeroplan90 9,n^ AerQ- 



SCIKNTIFIC FUBUCATIOHS. 73 



motoric with diagrams, tables and lllus^a- 
tlons. 8vo, cloth. Illustrated* 161 pages. 
net, 9S.00 

»— BSlectiic lilvhtlBK for Marine BnslBceray or 

How to Light a Ship by the Blectrlc Light and 
How to Keep the Apparatus in Order. Second 
Bdltlon. 108 lllus., 8vo, cloth (S.OO 

■^S. F. Steam Boilers, engines and Tnrblnes. 

Turbines. 266 illustrations. 410 pp., 8vo, cloth. 
9S.00 

—Marine Refrigeration. Heating and Ventila- 
tion. 228 pp., 12mo, cloth Ifl Press. 

— EleetrlcItT In Mining. Svo, doth. lUna* 

trated 



" W. H. Scre^T Propnlslon. Notes on Screw 

Propulsion; its Rise and History. 8vo, cloth. 
fO.75 

WALLIS-TAYLBR, A. J. Bearings and Lubrica- 
tion. A Handbook for Every user of Machin- 
ery. Fully illustrated. 8vo, cloth 91.50 

Modem Cycles, a Practical Handbook on 

Their Construction and Repair. With 300 il- 
lustrations. 8yo, cloth ....; 94*00 

Motor Cars, or Power Carrlagea for Common 

Roads. With numerous Illustrations. 8vo, 
cloth 01.80 

M otor Vehidea for Boalneaa Purposes. Sro* 

cloth, Illustrated net. gS.BO 

P oeket Book of Refrigeration and lee Mak- 
ing. Fourth Edition, enlarged. With 81 dia- 
grams and numerous tables. ISmo, cloth, 
illuBtrated 01.80 



——-Refrigerating and lee-making Maehinery* A 

Descrlptiye Treatise for the use of persons 
employing refrigerating and ice-making In- 
stallations, and others. 8vo, cloth, iUus., fS.OO 

—Refrigeration and Cold Storages being a 

Complete practical treatise on the art and 
science of refrigeration. 600 pages, 861 dia- 
grams and flguros. 8vo, cloth net, 94.80 

Sngar Maehlnery. A Deaerintive Treatise* 

devoted to the Machinery and Apparatus used 
in the Manufacture of Cane and Beet Sugars. 
Second Edition.enlarged and extensively revised. 
12mo, cloth, illustrated 92.00 

WANKLYN, J. A« A Praetical Treatise on tko 

Examination of Milk and its Derivatives, 
Cream, Butter and Cheese. 12mo, cloth, 91.00 



74 O. VAN NOSTRAND COMPANY'S 



-Water Analysla. A Practical Treatise on the 



Examination of Potable Water. Eleventh Edi- 
tion. 12mo» cloth f2.00 

IITANSBROITOH, ISIT, D. The A B C of the Dlf- 

ferentlal Calculus. 12nio, cloth 91. SO 



WARD, J. H. Steam for the MUllon. A Popular 

Treatise on Steam, and its application to the 
Useful Arts, especially to Navigation. 8vo, 
cloth 91.00 

'WARING. 6. B.9 Jr« Seweragre and Ijand Drain- 

a^e.' Illustrated with woodcuts in the text, 
and full-pase and folding plates. New Edi- 
tion In Press. 

M oderm Methods of Sewage Disposal for 

Towns, Public Institutions and Isolated 
Houses. Second Edition, revised and en- 
larged. 260 pages. Illustrated. Cloth, 92.00 

H ow to Drain a House. Practical Infor- 
mation for Householders. Third Edition, en- 
larged. 12mo, cloth 91.25 

WARRBN. F. D. Haadhook on Reinforced Con- 
crete. 16mo, cloth. Illustrated net, 92.50 



WATSON, B. P. SmaU Bnglnes and BoUers. A 

Manual of Concise and Specific Directions for 
the Construction of Small Steam-engines and 
Boilers of Modern Types from five Horse- 
power down to model sizes. Illustrated with 
Numerous Diagrams and Half-tone Cuts. 12mo, 
cloth 91.25 

WATT. A* mectro-platlng and Bleetro-rellnlng 

of Metals: being a new edition of Alexander 
Watts' "Electro-Deposition." Revised and 
largely rewritten by Arnold Philip, B.Sc. With 
numerous figures and engravings. 8vo, cloth, 
illustrated, 680 pages .net, 94. QO 

B lectro-metallnrgy Practically Treated. 

Eleventh Edition, considerably enlhrged. 12mo, 
cloth 91.00 



Art of Soap-making. A Practical Hand- 
book of the Manufacture of Hard and Soft 
Soaps, Toilet Soaps, etc. Including many New 
Processes, and a chapter on the Hecovery of 
Glycerine from Waste Lyes. With Illustra- 
tions. Fifth Edition, revised and enlarged. 
tvo. oloth- 9S.00 
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•^-Leather Manntaetnrei belns a Praetleal 

Handbookp In which the Operations of Tan- 
ninfir. Curryinff and Leather Dressinfl: are 
Fully Described* and the Principles of Tan- 
ning Explained, and many Recent Processes 
Introduced. With numerous illustrations. 
Fifth Edition, thoroughly revised and en- 
larged net, $4.00 



WBSALBS, J. A DlctlOBaiT of Terms Used In Ar- 
chitecture, Bulldlnir. Ensineerinflr, Mining, 
Metallursry, Archaeologry, the Fine Arts, etc., 
with explanatory observations connected with 
applied Science and Art. Fifth Edition, re- 
vised and corrected. 12mo, cloth 92.80 

^ITEATHER AND "WBATHER UVSTRUBCBNTS. 

Illustrated. 175 pp paper, | .60 

cloth. 91-00 

WEBB, H. li. A Pmetlcal Guide to the TesttBC 

of Insulated Wires and Cables. Illustrated. 
12mo. cloth 91.00 



Telephone Handbook. 128 UliistMittou. 

146 paffes. 16mo, cloth 91*00 

IVEBBER, HT. H. T. Town Gas for lAKhUnm and 

Heatinff. Illustrated. 275 pp., 8vo, oloth. CY<^n 
Nostrand's Westminster Series.) net. 



WBBKBSt B. "W. The Deslins of Altenuito Cvr- 

rent Transformers. lUus. 12mo, cloth ...91.00 

• 

WBISBACH. J. A Manval of Theoretteal Me- 
chanics. Kinth American edition. Translated 
from the fourth augmented and improved Ger- 
man edition, with an Introduction to the Cal- 
culus by Bckley B. Coxe, A.M., Mining Engin- 
eer. 1,1(^0 paflres and 902 woodout illustra- 
tions. 8vo, cloth 90.00 

Sheep 97.80 

and HBRRM Alt N, G. Meehanlea of Air Ka- 

chlnery. Authorized translation, with an ap- 
pendix on American practice by A. Trow- 
orldgre. With figures, diagrams, and folding 
plates. 8vo, cloth, illustrated net, 99*75 

WKBTONf B. B. Tables Showing Loss of Head 

Due to Friction of Water in Pipes. Fourth 
Edition. 12mo, cloth • 91* 



WBTMOVTH, F. M. Dram Annatnroa and Com- 
mutators. (Theory and Practice.) A com- 
plete Treatise on the Theory ^^^ Construotlon 
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of Drum Windlae:, and of commutators for 
closed-coil armatures, togrether with a full 
r^um^ of some of the principal points In- 
volved In their deslgrn. and an exposition of 
armature reactions and sparkinff. 8vo, cloth. 
93.00 

WHEELER, J. B. Prof. Art of UTar. A Course 

of Instruction In the Elements of the Art and 
Science of War. for the Use of th0 Cadets of 
the United States Military Aeademy. West 
Point, N. Y. 12mo, cloth fl.75 

—Field Fortlllcatlona. Tiie Elements of Field 

Fortltlcations, for the Use of the Cadets of the 
United States Mflltary Academy* West Point. 
N. Y. 12mo, cloth fl.75 

WHIPPLE, S., C.E. An Elementary and Pme- 

tioal Treatise on Bridge Building. 8vo, cloth. 
93.00 

WILKINSON, H. D. Svbnuurlno Cable LaytiMr 

and Repairinsr. Second Edition, completely re- 
vised. SI'S illustrations. 680 pp., 8vo, doth. 
net. 



WILLIAMS, A. n^ Jr., and HUTCINSON, R. W. 

The Steam Turbine In 



WILLIAMSON, R. S. On the Use of the Baro- 
meter on Surveys and Reconnaissances. Part 
I. Meteoroloery in its Connection with Hyp- 
sometry. Part II. Barometic Hypsometry. 
With Illustrative tables and en^avlnss* 4to, 
cloth 915.00 

P ractical Tablcn In Meteorology and Hyn- 

sometry. in connection with the use of the 
Barometer. 4to. cloth 92.80 

WILLSON, F. N. Theoretical and* Practical 

Graphics. An Educational Course on the The- 
ory and Practical Applications of Descriptive 
Geometry and Mechanical Drawing. Prepared 
for students in General Science, BngrravinK. or 
Architecture. Third Edition, revised. 4to, 
cloth, illustrated net, 94.00 

WIMPERIS, H. E. Intenuil Combnatlon Enirtne. 

114 illustrations. 8vo, cloth» 339 pp.. net. 



WINCHELL, N. H., and A. N. Elements of Opti- 
cal Mineralogy* An introduction to micro- 
scopic petroirraphy, with descriptions of all 
minerals whose optical elements are known 
and tables arrangred for their determination 
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microscopically. 364..1Iluatration8. 526 pp., 

8vo. cloth net. fUO 

WINKLBR, C, and I.UNGB, G. Handbook of 

Technical Qas-Analysis. With figrures and 
diagrrams. Second Engrllsh edition. Trans- 
lated from the third firreatly enlarsred German 
edition, with some additions by Georgre Lunge, 
Ph.D. 8vo, cloth, illustrated, 190 pages, 94-00 

WOODBURY, D. V. Treatise on the Various 

Elements of Stability in the Well-proportioned 
Arch. With numerous tables of the Ultimate 
and Actual Thrust. 8vo, half morocco. Il- 
lustrated 94 -00 

WORDBN, BS. C, Prof. The Nltro-eellnlone In- 
dustry. A practical treatise on Nltro-cellulose, 
Pyroxylin, Collodion, Celluloid, Colloids, Plas- 
tics, Lacquers, Synthetic Leather, Artificial 
Silk, etc., Includlngr the manufacture of Films, 
Viscose, Amyl Acetate, Amyl Alcohol, and the 
Solvents and Non-solvents of substituted Cel- 
lulose^ together with a complete r€8um6 of the 
United States, English, French and German 
Patents relating to the subject.' 8vo, cloth. 
In Press. 

WRIGHT, A. C. AnalTsls of Oils and Allied 

Substances. 8vo, cloth, illustrated, 241 pages. 
net, $3. SO 

Simple Method for Testing Painters* Ma- 
terials. 8vo, cloth, 160 pages net, 92.50 

— H. E. Handy Book for Brewers i Being a 

f practical guide to the art of brewing and malt- 
ng. Embracing the conclusions of modern re- 
search which bear upon the practice of brew- 
ing. Third Edition, thoroughly revised and 
enlarged. With figures and folding tables. 
8vo, cloth, illustrated, 662 pp net. 9S.00 

T. "W., Prof. (Union College). .Elements of 

Mechanics, including Kinematics. Kinetics and 
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